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Ibis  Full  Scale-  lost  and  Field  Aircraft  Ins  L rumt-iU  at  i on  Fatigue  Sensor 
F.v'aluat  ion  Frograri  was  conducted  by  tbe  Cessna  Aircraft  Cotriiiany  of  Wiebita, 
Kansas  under  Air  Force  contract  no.  F33657-71-C-0163.  Tiie  contract  was 
initiated  under  project  A-37B  (335A)  "A-3715  Final  Fatigue  Program"  and 
iask  no.  P00026. 

The  program  from  initiation  tbrougb  tlte  issuance  of  Cessna  Report 
3 1 8F.- 7A19-039 , "Fatigue  Sensor  Kvaluation  Program  - Interim  Full-Scale 
Fatigue  Test  and  Field  Aircraft  Instrumentation  Report,"  was  supervised 
and  liirected  by  Robert  W.  Walker,  Croup  Leader.  Tbis  report  wliicb  is  an 
extension  of  tlie  previous  work  to  include  final  field  data  measurements, 
was  prepared  by  dohn  Y.  Kaufman,  Design  Engineer.  Tbis  project  was  initiated 
by  Aeronautical  Systems  Division,  Wrigbt-Patterson  Air  Force  Base,  Ohio,  and 
was  administered  under  tbe  co-ordination  of  Richard  C.  Culpepper  (ASD/SD27MS) 
Aircraft  Structural  Integrity  Program  Manager,  A-37B. 

33ie  interim  report  covered  tbe  results  obtained  from  fatigue  sensor 
installations  on  a full  scale  fatigue  test  and  various  field  installations 
and  compares  these  results  witli  predictions  based  on  a known  load  spectrum. 
Tbe  additional  field  data  contained  in  this  report  confirms  the  trends 
established  in  tbe  earlier  report. 

lliis  report  covers  work  conducted  from  duly,  19  71  until  danuary,  1976. 
it  was  submitted  by  the  autlior  in  November,  19  76. 

Publication  of  this  report  does  not  constitute  Air  Force  Approval 
of  tbe  reports'  findings  or  conclusions.  It  is  publislied  only  for  tbe 
exchange  and  stimulation  of  ideas. 
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SUMMARY 


Commorc  ial  ly  available-  laLlgue-  si-nsors  have  been  evaluated  for 
appl  ieat iiui  to  aircraft  structural  fleet  monitoring  by  the  on  going  A-J7 
ASil’  programs.  The  final  full-scale  wing  and  carry-thru  fatigue,  test  and 
si.xte'cn  operational  A-57  field  aircraft  have  l)een  instrumented  with  Mlcro- 
Measuri-ment  KM  t at  igue  sensors  and  response  evaluated  in  terms  (jf  structural 
latigiu'  se'verity. 


Ihese  installations  were  made  prior  to  the  availability  of  the 
lurrently  used  data  analysis  methods  (see  Reference  1),  and  wore  designed 
only  for  longevity  and  adequate  response.  The  results,  therefore,  consist 
only  ot  relativi'  severity  indications.  None  the  less,  the  basic  program 
objective  of  evaluating  reliability,  longlvity,  and  feasibility  of 
application  In  operational  aircraft  lias  been  met. 

Fatigue  sensor  response  from  the  fatigue  test  was  compared  to 
field  aircraft  res])onse  for  development  of  severity  of  usage  trends.  Tliese 
trends  were  compared  to  measured  strain  history/ fat igue  damage  data  from 
tlie  mechanical  strain  gage-  Comparisons  indicate  fatigue  sensor 
response  trends  are  compatible  and  consistent  with  measured  strain  liistory/ 
fatigue  damage  trends  for  both  tiie  full  scale  test  and  operational  field 
airc  raf  t . 


The  fatigue  sensor  ap|)lication  to  aircraft  structural  fleet 
monitoring  sliows  promise  (this  promise  is  furtlier  amplified  in  Reference  1). 
Fatigue  sensor  structural  usage  trends  have  been  compatible  with  otlier 
available  fleet  monitoring  data,  and  field  aircraft  instrumentation  and 
long  term  data  collection  have  been  accomplished  witli  minimum  aircraft 
dow(J|t  ime/user  impact. 


RIXOMMKNDATIONS 


1.  Install  fatigue  sensors  suitable  for  the  data  analysis  methods  of 

Reference  1 on  a sample  of  USAF  Continental  United  States'  aircraft, 
preferably  aircraft  with  operative  Life  History  Recorder  and/or 
Mechanical  Strain  Recorder  installations.  Apply  the  data  analysis 
methods  and  compare  results  witli  Life  History  Recorder  and  Meclianical 
Strain  Recorder  results  for  field  verification  and  application 
refinement. 


Reference  1.  - "A-J7H  Fatigue  Sensor  Data  Analysis  Methodology  Program", 
Aeronautical  Systems  Division  Technical  Report  ASD-TR-75-^2 , October  1975, 
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2. 


IiivStrumcnt  eacli  new  prodm  tion  .lircrafL  wiLii  raLif,ue  sensors  selected 
for  long  term  monitoring.  This  tlata  could  he  used  to  aid  in  the 
disposition  I'f  future  structural  inti-grity  problems  or  formulating 
inspection  pol icy. 

3.  Refine  technitiues  of  application  and  d ’.t<i  analysis. 
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INTKOmU  TIOV  AN'I)  DlSCrSSION 


A r_Nj_R(i_nijCT  rw 

This  report  presents  the  work  effort  and  results  of  tlie 
KatiRue  Sensor  Kvaluation  proRram  on  the-  A-37  final  full-scale  fat iRue 
test  and  operational  field  aircraft.  Thirty-six  months  of  data  collection 
and  analysis  are  covered  by  this  report.  Tliis  work  was  condut  ted  per 
riujuiremonts  of  Reference  2 and  under  the  authorization  of  Contract 
K13657-71-C-nif,3,  Pnon37  and  Pn0026. 

Ihis  report  is  organized  into  six  sections  and  two  appendices. 
Section  I contains  the  introduction  and  discussion  and  Section  II  describes 
full-scale  fatigue  test  instrumentation  and  data  analysis.  Sections  III 
and  IV  discuss  field  aircraft  instrumentation  using  new  F'1  fatigue  sensors 
and  Reference  3 original  fatigue  sensors  on  tlie  lower  wing  spar.  Section  V 
contains  landing  gear  instrumentation  of  field  aircraft.  Section  VI 
describes  the  installation  of  sensors  on  the  forward  banjo  fitting  of  I. UK 
aircraft  and  Section  VII  provides  a program  summary  of  results  and  conclu- 
sions. Appendix  A documents  fatigue  sensor  data  collected  from  botli  tlie 
fatigue  test  and  field  aircraft.  Appendix  R presents  measured  strain 
spectrums  used  to  predict  fatigue  sensor  response. 

Fatigue  sensors  were  installed  and  data  collected  at  eight 
locations  on  the  final  full-scale  wing  and  carry-thru  fatigue  test,  at 
one  wing  location  on  sixteen  operational  A-37R  aircraft  and  on  tlie  landing 
gear  of  two  aircraft  to  evaluate  the  feasibility  of  sensor  application  to 
aircraft  structural  fleet  monitoring.  In  addition,  tlie  forward  banjo 
fittings  of  six  new  production  aircraft  were  inst rinnented  late  in  the 
program.  Micro-Measurement  FM^ fatigue  sensors  were  used  for  all 
Instrumentation  based  on  results  of  the  Initial  Evaluation  Program  (Reference 
3)  and  Laboratory  Test  Program  (Reference  A). 

Full-scale  test  data  were  used  to  form  calibration  response 
(response  to  a known  loading)  for  comparison  to  operational  aircraft  response 
as  a measure  of  severity  of  usage.  Usage  severity  trends  developed  for  the 
data  collection  period  are  presented  by  this  report. 


Reference  2.  - "Fatigue  Sensor  Fvaliiatlon,  Final  Fatigue  Program”,  (k'ssna 
Report  318E-b9IK-21U',  2 .lune,  1972. 

Reference  3.  - "Program  for  Evaluation  of  Annealed  Foil  Fatigue  Sensors," 

Final  Report,  Cessna  Report  318E-7219-029 , 30  June  1972. 

Reference  A.  - "Fatigue  Sensor  Evaluation  Program  - Laboratory  Test  Report," 
Aeronautical  Systems  Division  Technical  Report  ASD-TR-75-33 , October  1975. 

® FM  Sensor  - Trade  name  of  a fatigue  life  gage  assembly  wliich  contains  a 
load  and  temperature  compensating  strain  gage,  and  a mechanical  strain 
ampl If ier . 

‘ 
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Predictions  of  fatigue  sensor  response  are  made  for  botii  tlie 
full-scale  test  and  field  aircraft  iisinp,  measured  load  spectra.  These 
predictions  are  compared  to  actual  response  for  correlation  of  fatigue 
sensor  data  witli  the  measured  spectra. 

B niSCTSSlON 

Fatigue  sensor  application  to  aircraft  structural  fleet 
monitoring  continued  to  show  promise: 

a)  Long  term  data  collection  is  possible  witli  minimum  effot 
required;  consistent  data  trends  have  been  indicated  for 
1,000  hours  operation  on  individual  aircraft. 

b)  Field  aircraft  instrumentation  and  data  collection  caused 
minimum  aircraft  downtime  and  produced  no  burden  on  users. 

c)  Fatigue  sensor  usage  severity  trends  are  consistent  and 
compatible  with  measured  strain  liistory  data  on  both  full- 
scale  test  and  operational  aircraft. 


‘TmON  II 


niLI -SCALi:  TKST  CAI,IBR.\TION 
A INTRODUCTION 

Fatigue  sensors  were  installed,  as  shown  in  Figure  1,  at  six 
critical  structure  areas  of  the  A-37  Final  Full-Scale  Wing  and  Carry-Tliru 
Fatigue  Test  conducted  per  Reference  5 test  plan.  Sensors  were  monitored 
periodically  during  the  test  and  resulting  data  were  compiled  to  form 
calibration  curves  for  each  critical  location.  The  calibrated  test  response 
at  a given  structure  location  forms  a baseline  for  a comparison  of  fatigue 
sensor  response  at  the  same  structure  location  on  operational  field  aircraft. 

U FATICUE  SENSOR  INSTALLATION 

Fatigue  Sensors  were  installed  near  suspected  critical  structure 
locations  based  on  results  of  fatigue  analysis,  previous  fatigue  tests 
(Reference  3),  and  engineering  judgement.  Six  structural  areas  and  eight 
sensor  locations  were  selected  for  instrumentation  as  listed  by  Table  1 and 
Figure  1.  Two  sensors  were  installed  per  critical  location  on  the  RH  and 
EM  sides  of  the  structure.  In  addition,  Micro-Measurement  TC  temperature 
sensors  were  installed  adjacent  to  sensor  location  #4  on  the  RH  and  LH  front 
spar  to  monitor  structure  temperature  for  each  fatigue  sensor  reading.  The 
data  collection  panel/Vishay  indicator  (Figure  3)  were  used  to  read 
temperature  sensors.  The  Micro-Measurement  FM  fatigue  sensor  was  used  for 
all  installations;  previous  evaluation  programs  (References  3 and  4)  have 
indicated  the  suitability  of  the  f>1  sensor  for  this  application.  Fatigue 
sensors  were  installed  per  manufacturer's  instructions  (Reference  6)  and 
using  techniques  described  in  Reference  4.  Micro-Measurement  M-16  adhesive 
was  used  for  all  installations.  Figure  2 shows  a photograph  of  a typical 
installat ion . 

Four  sets  of  fatigue  sensor  installations  were  made  during  the 
fatigue  test  as  noted  by  Table  1.  These  installations  coincided  with  test 
start  and  major  test  inspections.  Several  sensor  installations  were  replaced 
with  adjusted  multipliers  to  achieve  desired  calibration  response. 


Reference  5.  - Cessna  Report  318E-7016-165 , "Final  Full-Scale  Wing  and 
Carry-Tiiru  Fatigue  Test",  dated  20  August  1973. 

Reference  6.  - Micro-Measurement  Instruction  Bulletin  B-142,  "FM  Series 
Multiplier  and  M Bond  M-16  Cement  Application  Instruction",  dated  2 February 
1972. 
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;ure  1 - Fatigue  Test  Installation  Locations 


FAIllJji;  TEST  IiJST,\LIATiaN  SUMM.\RY 


Poor  multiplier  installation,  air  bubbles  in  adhesive,  data  not  plotted 
Structural  beef-up  has  been  installed  adjacent  to  these  sensors 


Figure  2 

Inboard  Front  Soar  Installation 
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INDICATOR 


Location  ^‘7  was  adclod  durin,;  the  second  installation  to  provide  coverage 
of  the  rear  spar  structure.  Location  #8  was  added  to  duplicate  the  field 
aircraft  installation. 


C,  PREDiCTL.n  RKSl’ONSE 

Initial  predictions  to  select  multipliers  (before  test  start) 
were  made  using  a preliminary  strain  spectrum.  Final  predictions  shown 
by  this  report  used  measured  strain  spectrums  based  on  a range  pair  type 
cycle  count  of  measured  sequential  strain  peaks. 

Test  Spectrum  Description 

The  full-scale  test  was  cycled  under  a flight-by-flight  spec- 
trum loading  which  was  applied  on  a repeating  time  block  basis.  One  time 
block  consisted  of : 

a)  500  individual  simulated  flights 

1>)  505.3  simulated  flight  hours 

c)  31044  applied  cycles 

d)  5 test  load  configurations 

Seventy  blocks  were  applied  for  a total  of  35371  test  hours  (8843  safe  life), 
or  35,000  flights. 

NOTE:  A complete  description  of  the  test  spectrum  organization 

Is  presented  by  Reference  5 and  the  strain  exceedance  data  is  included  in 
Appendix  B of  this  report. 

2 Transfer  Function 

The  available  strain  load  spectrum  for  each  critical  location 
was  based  on  net  strain  at  a control  point.  Fatigue  sensor  response  pre- 
dictions used  a transfer  function  to  adjust  control  point  strain  to  the 
fatigue  sensor  location.  Figure  4 summarizes  transfer  functions  used  at 
ttie  If)wer  front  spar,  W.S.  55.16.  Transfer  functions  for  all  sensor  pre- 
dictions .are  listed  as  follows: 
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SENSOR 
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CONTROL 

POINT  TJl 

ANSKER 
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No 
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i c t i on 
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W. 
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No 
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— 
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W. 
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No 
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coni 
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WS 
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data . 

3 
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ier  Setti 

Pil 

Tile  effect  ive  KM 

mill  t 

:ipl 

ic  rs 
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Refcrei 

tests 

were 

used  for 

response 

predict 

ion  c 

alculat ions : 

Nominal 

Ef f Mu  1 1 ip  1 

ier 

Mult  V; 

alue 

(Ref  4,  Kig 

L-11 

2.5 

3.5 
4.0 


2.62 

3.42 

4.10  (cst) 


4 Calibration  Data 

The  constant  amplitude  calibration  data  developed  by  Reference  4 
laboratory  tests  for  the  KM  fatigue  sensor  were  used  for  response  prediction 
calculations.  Data  shown  by  Table  18,  Reference  4 were  input  to  tlic  response 
prediction  computer  program  (mean  strain  assumed  zero). 


D OATA  COLLECTION 


1 Data  Collection  System 

Lead  wires  from  individual  fatigue  sensors  were  routed  to  a 
data  collection  panel  in  front  of  the  test  article  (Figure  3).  This 
data  collection  panel  was  developed  for  Reference  4 laboratory  tests,  and 
was  designed  specifically  to  road  KM  fatigue  sensors  and  TC.  temperature 
sensors  with  minimum  effort  and  possibility  of  error.  The  data  collection 


3 - Followlne  structiiral  beef— tin  at  W.S.  91. Sf). 
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Figure  4 - Lower  Front  Spar  Transfer  Functions 
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Transfer  Function  Development 
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patu-1  coiUaitu'il  a switch  position  for  cacli  fatigue  sensor  and  a zero 
reference  (Micro-Measurement  S-iOO-05  precision  resistor)  for  ttie  initial 
zero  adjustment  of  the  readout  indicator  (Figure  3).  in  addition,  anotiier 
switch  selected  tlie  composite  sensor  (half  l)ridge  readout),  tlie  fatigue 
sensor  element,  or  the  strain  gage  element  of  tlie  FM  sensor,  as  well  as 
switching  in  tlie  required  dummy  resistor  used  in  reading  the  individual 
sensor  elements  (quarter  bridge  readout). 

A Vishay  Model  P-350  strain  indicator  was  connected  to  the 
data  collection  panel  to  read  fatigue  sensors  and  temperature  sensors  as 
outlined  in  Appendix  C,  Reference  4. 


2 Data  Col  lection  Procedure 

An  initial  zero  resistance  reading  was  recorded  for  each 
fatigue  sensor  prior  to  tost  start.  Fatigue  sensor  resistance  change  was 
read  at  approximately  250  test  hour  intervals  (twice  per  time  block)  with 
a more  frequent  interval  for  early  sensor  response  (0  - 2000  hours)  due 
to  the  logarithmic  nature  of  fatigue  sensor  response.  The  actual  reading 
interval  for  fatigue  sensor  data  is  listed  by  Appendix  A.  Fatigue  sensor 
readings  were  taken  on  a non-interference  basis  and  were  timed  to  coincide 
with  test  inspections  or  tape  changes  on  the  fatigue  test  loading  system. 
All  fatigue  sensor  readings  were  taken  with  "hydraulics  up"  on  the  test 
article  which  is  a repeatable  zero  load  condition  used  as  a starting  and 
ending  point  of  cycling. 


Structure  temperature  was  recorded  for  each  fatigue  sensor 
reading  to  correct  resistance  data  for  temperature  effects.  The  temperature 
for  eacli  reading  is  noted  by  Tables  A-1  tiiru  A-7,  Appendix  A. 

llie  resistance  of  botli  the  composite  fatigue  sensor  and  indivi- 
dual elemt-nts  was  recorded  for  each  fatigue  sensor  reading.  This  procedure 
served  as  a measure  of  quality  control  on  the  data  since  the  difference 
between  individual  elements  may  be  used  to  check  the  composite  reading  and 
the  strain  gage  element  should  be  stable  for  a repeatable  static  load 
condi t ion . 


E DATA  ANALYSIS 


1 Data  Reduction 

All  fatigue  sensor  data  collected  from  the  A-37  final  full- 
scale  fatigue  test  are  presented  in  table  form  by  Appendix  A.  Tliese  data 
are  presented  as  sensor  resistance  cliange  (Delta  R)  which  is  calculated  by 
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subtracting  sensor  initial  zero  roadinp.  Iron  each  tost  reading  and  correct- 
inp  for  temperature  variations.  FM  sensor  temperature  correction  data  is 
contained  in  Reference  4.  Sensor  resistance  change  (iata  from  Appendix  A and 
corresponding  predicted  response  (when  available.  Paragraph  2.1)  are  plotted 
bv  structural  area  in  Figures  7 through  14.  Figure  b is  a dat.a  plot  of  FM 
sensor  response  .at  location  ’>2  on  the  prel  Im  i nary  full-scale  test  (Reference 
J)  and  is  included  for  comparison  of  preliminai'v  and  final  tests.  'Test 
Hours'  on  the  plots  refers  to  sensor  test  hours,  rather  than  .airplane  test 
hours.  Figures  7-14  represent  1.12  test  safe  lives,  while  Figure  6 represents 
1.42  safe  lives  (The  preliminary  test  safe  life  w.as  7013  hours). 

Four  sensors  initially  installed  at  locations  #5  and  //6  gave 
abnormal  response  and  are  not  included  in  data  plots.  These  sensors  were 
removed  from  the  test  article  and  examined.  Air  bubbles  in  the  M-16  adhesive 
produced  out  of  tolerance  multiplier  performance. 

In  reviewing  fatigue  sensor  data  plots,  tlie  local  variations  of 
the  test  spectrum  are  observed  to  produce  fluctuations  in  the  sensor  response 
rate.  However,  the  block  to  block  sensor  response  forms  a smooth  function 
wiiich  may  be  comp.ired  to  predicted  response  and  is  used  for  development  of 
calibration  curves. 


2 n^t  n_C^Mnpjn;_i^^on 

Fatigue  sensor  response  at  different  structure  locations  may  be 
compared  (same  multiplier  setting)  for  a relative  indication  of  strain  history 
severity.  Table  2 makes  a comp.arison  of  sensor  response  at  1000  test  tiours 
for  several  structure  loc.it  ions.  From  comparisons  of  tills  table  and  reviewing 
data  plots  (Figures  7 tlirough  14),  tlie  following  comparisons  are  made  for  the 
final  full  scale  fatigue  test: 

a)  Test  loading  is  symmetrical  on  the  test  article  by  noting 
minimum  response  scatter  RH  to  I.H  at  all  locations. 

b)  The  final  full-scale  test  (training  spectrum)  is  more 
severe  tlian  the  preliminary  full-scale  test  (combat  spec- 
trum, Reference  3)  at  the  lower  front  spar,  WS  55.1b. 

c)  The  lower  wing  surface  (front  spar)  is  more  severe  than 
tlie  upper  surface  at  both  inboard  and  outboard  locations. 

d)  Tower  front  spar,  W.S  91.50  is  tlie  most  severe  lociit  ion 
(prior  to  i'eefup). 

e)  WS  91.50  is  approxim.ate  I v i-i|U.il  to  WS  55.1b  on  the  upper 
front  sp.ar  .and  is  more  severe  on  the  lower  sp.ir. 

1 1 


i 


V. 


(d  ) si.'iio  - j'jfjwn  r)NvisiS3H 
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Figure  6 - Preliminary  Full  Scale  Fatigue  Test  Response  - W.S.  55.16 


f)  Structural  beclup  on  lower  WS  4 1.50  reduces  tills  location 
to  less  severity  than  tlie  upper  spar  at  WS  91. 5f). 

i 

g)  Rear  spar  is  less  severe  than  front  spar. 

NOTE:  Data  comparison  trends  indicated  hy  items  (c)  and  (g) 

were  also  exhibited  by  the  preliminary  fatigue  test  (Reference  3). 

Predicted  response  for  the  full-scale  test  was  generally  close 
to  actual  response. 


E CALIBRATION  CURVE 

Test  data  from  the  full-scale  test  was  used  to  form  a cali- 
bration curve  for  comparison  with  fatigue  sensors  on  operational  field 
aircraft.  Field  aircraft  were  instrumented  identical  to  location  #8  on 
the  full-scale  test.  Test  data  from  location  //8  were  curve  fitted  using 
a characteristic  fatigue  sensor  curve  shape  (constant  amplitude  data. 
Reference  4)  as  shown  by  Figure  15.  Due  to  variations  of  severity  within 
the  spectrum,  the  curve  fit  was  based  on  a smooth  fit  of  block  to  block 
fatigue  sensor  response  (500  hour  interval). 


I 
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TARl.K  2 

I’lrTAKlSHN  OF  FT[.l  SCALK  TKST  RKSPONSF  AT  1,000  TF.ST  I'OURS 


LOMTimi 

■ R 

2 (Prel.  Test) 

- .6 

1.  15 

2 

2.U 

1.44 

3 

2.6 

1.05 

4 

2.6 

1.10 

5* 

2.6 

0.85 

6 

2.6 

1.05 

> 

2.6 

1.25 

2 (3) 

3.5  (4.0)** 

2.94 

4 

3.5 

2.  15 

6 

3.5 

3.90 

6 

3.5 

2.  10 

7 

3.5 

0.28 

Structural  becfup 

installed  at  this 

1 oca  ti on 

**  Response  at  Location  ■■3  with  nultiplier  4.0  is 
approxinatel  ' enual  to  response  at  location  -2 
with  Multiplier  - 3.j  due  to  strain  iradient. 
(See  Fi  iure  2-0,  (3.S)(1.1S)  = 4.025) 
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Figure  7 - Upper  Carry-Thru  Forging  - Location 


Scale  Test  Response  - Location 
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adjacent  to  this  location  at 
14148  hours  with  resulting  drop 
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Lower  Rear  Spar  - Location 


Figure  14 
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SKCTION  II! 


FIKLI)  AIKC-RAI-T  I’M  SKNSOR  INSTAU-ATIDN 


A 


I N I Kuin'C  l I DM 


Sixti'on  A-'57H  aircraft  at  three  CONUS  bases  were  instrumented 
WILL  twu  FM  tatl};ue  sensors,  one  on  each  wing,  at  location  tfH  (Figure  2)  and 
monitored  on  a quarterlv  basis  for  thirtv-six  months.  Fatigue  sensors  were 
installed  .Tanuarv  197'1  by  a Cessna  Instrumentation  F.ngineer  and  subsequent 
quarterly  data  collection  was  made  by  Cessna  Fleet  Monitoring  engineers. 

Installation  arid  data  collection  techniques  are  similar  to 
those  described  by  Reference  3 preliminary  program.  Field  aircraft  response 
data  are  compared  to  full  scale  test  calibration  and  otiier  operational  bases 
to  deVi.'Jop  severity  of  usage  trends. 


B I.N’SIRUMKNTATION 

FM  fatigue  sensors  were  installed  on  sixteen  CONUS  aircraft 
as  follows  (all  aircraft  with  ECU  94  wing): 


Base 

Barksdale  AFB 
England  AFB 
Marvland  ANC 


Ut^i ng  Command 

AFRES 

TAC 

/INC 


Date 

11-12  dan  1973 
13-14  Jan  1973 
27-28  Jan  1973 


No.  of  A i rc ra f t 

5 

6 
5 


The  three  using  commands  had  previously  shovvfn  usage  variations 
(Reference  3).  FM  sensors  were  installed  to  confirm  these  trends. 


Instrumentation  included  one  Micro-Measurement  FM221-02.5L 
fatigue  sensor  per  wing  spar  (RIl,  l.H)  installed  at  WS  56.80  (location  #8, 
Figure  2)  and  one  >U  cro-Men.-iuremont  TG  temperature  sensor  installed  on  the 
IJI  spar  adjacent  to  the  fatigue  sensor.  A short  lead  wire  was  Installed 
from  till-  fatigue  sensor  to  a five  pin  connector  Installed  in  the  4022287 
wheel  well  access  panel.  Figure  16  shows  the  fatigue  sensor  installation 
kit  and  Figure  17  shows  the  wheel  well  access  area  for  installation  and 
<la  t ,1  collect!  on  . 

Several  of  the  instrumented  aircraft  iiad  previously  been 
instrumtnted  with  Dentronic  fatigue  sensors  by  Reference  3 program.  In  this 
ca.se,  the  original  inboard  Dentronic  sensor  was  removed  to  make  room  for  the 
Micro-Measurement  sensor  while  the  original  outboard  sensor  was  left  intact 
for  long  term  monitoring. 


MODIFIED  ACCESS  PANEL 


— 4022287  — CONNKCTOR  FOR  • ACCESS  TO 

ACCESS  PANEL  FATIGUE  SENSOR  READOUT  FATIGUE  SENSOR 

Figure  17  - ITheel  Well  Access  for  Fatigue  Sensor  Installation  and  Data  Collectio 


F;itij;in,‘  sfiisors  wore  iiistalh-d  by  a Cr’ssna  tfam  (Instrumen- 
tation and  Fleet  Monitoring  engini’err,)  with  excellent  siippoi  t provided  by 
Air  Force  pi>rsonnel  at  each  base.  Air  Force  personnel  removed  access  panels 
required  for  access  to  the  front  spar  and  operated  ground  heaters  required 
to  cure  the  fatigue  sensor  adhesive. 

The  Micro-Measurement  FM  sensor  was  easier  to  install  than  the 
Dentronic  sen.sors  used  in  earlier  programs.  Total  aircraft  downtime  was 
four  hours  which  included; 

a)  One  hour  clean  spar,  mix  adhesive,  position  sensors 

b)  Two  hour  adhesive  cure  using  140°  F ground  heater 

c)  One  hour  wiring  and  initial  zero 

The  installation  procedure  is  described  as  follows: 

Step  1 - Acc  ■ s to  Front  Spat 

Aircraft  were  moved  to  a hangar  or  maintenance  area  for  the 
installation  work.  Air  Force  personnel  provided  access  to  the  front  spar 
cap  hy : 

1)  Lowering  inboard  gear  door 

2)  Pisconnect  gear  door  actuator  and  cycle  to  "gear  up" 
posit  ion 


3)  Remove  the  4022389  and  4022287  access  panels. 

Figure  17  shows  the  wheel  well  area  with  the  access  panel 
removed . 

Step  2 - Install  Sensors 

Fn  sensors  were  installed  using  manufacturer's  instructions 
(Reference  b)  and  using  techniques  described  by  Reference  4.  This  included; 

1)  Clean  spar  cap  and  mark  sensor  location 

2)  Install  temperature  sensor  (Micro-Measurement  ETG-50DP) 
adjacent  to  LH  FT1  sensor  using  Eastman  910  adfiesive 
(Figure  18) 

3)  Position  FM  sensor  on  spar  using  a piece  of  cellophane  tape 
( 3M  //15  7)  placed  across  the  top  of  the  sensor 

4)  Mix  and  apply  M-16  adhesive 

5)  Cure  adhesive  for  two  hours  at  140°F 
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Figure  18  - Instrumentation  Prior  to  Protective  Coating 
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step  3 - 1 nstal  1 V^i  r in^ 

Sensor  wiring  ronsistcd  of  installing  sliort  lead  wires  Capproxi- 
matelv  18”)  from  the  sensor  to  a five  pin  electrical  connector  installed  in 
tile  modified  4022287  access  panel.  Wirinjt  was  tied  to  an  existing  wire 
bundle  to  assure  no  interference.  The  1,11  connector  contained  lends  from 
both  the  fatipne  sensor  and  temperature  sensor  usiiiK  three  and  two  pins 
respectively.  A placard  cautioning  handling  of  the  electrical  connector  was 
installed  adjacent  to  each  connector  as  shown  by  Figure  17. 

Step  4 - Apply  Protective  Coating 

The  FM  sensor  wiring/solder  joint  and  TO  temperature  sensor 
were  coated  with  "M-Coat  A"^  Rage  protective  coating  and  a pad  of  RI.H 
Barrier  for  electrical  and  mechanical  protection.  The  FM  sensor  was 

not  covered  to  avoid  changing  the  multiplier  performance  (the  rubber-like 
encapsulating  material  of  the  FM  sensor  multiplier  assembly  provides  a 
measure  of  protection). 

Step  5 - Sensitivity  Check 

To  check  operation  of  the  FM  sensors  after  installation,  a store 
load  was  placed  on  tiie  outboard  pylon  (WS  191. SO).  Reading  the  R1  sensor 
as  a strain  gage  (Cage  Factor  = 2.0)  -60  to  -80  micro  strain  response  was 
recorded  from  all  sensors  (static  load  varied  from  155//  - 175/<). 

Step  fif)  - Zero  Reading 

An  initial  zero  resistance  reading  was  recorded  for  each  fatigue 
sensor;  all  sensors  were  within  tolerance  (100  + 1.0  olnns)  for  this  reading. 
Reference  data  consisting  of  aircraft  loading  configuration,  ambient  tempera- 
ture and  total  airframe  hours  were  also  recorded.  Initial  zero  reading  data 
for  the  sixteen  In.striimented  aircraft  are  listed  hy  Tables  A-8  tliru  A-21. 


Coat  A - an  air  drying  liquid  po 1 yurct liano  protective  coating  intended 
for  strain  gage  applications,  manufactured  hv  Mlcro-'teasurement s , Romulus, 
Michigan. 


BI.H  Barrier  K - A neoprene  and  rubber  polvnn  patch  type  protective  coating 
which  provides  waterproofing  aiui  mechanical  p ttectlon  for  strain  gages, 
manufactured  by  BI,H  Electronics,  Weltliam,  Mass.icimset  t es . 
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Aircratt  were  ri'liirm-d  to  t lie  Air  Koree  for  reasseml)  1 y and 
f 1 i^lit  ''t  alii'i . 


<■  DATA  COLLECTION 


1 Data  Collection  SyA*^5i!l 

The  field  data  colle.c.ion  system  used  the  following  elements: 

a)  Vishay  Model  I’- 350  indicator  with  a gage  factor  setting 
= M . 82  to  produce  a direct  reading  of  ohms  resistance. 

!)3  A precisimi  100  ohm  resistor  for  zero  reference  (mounted 
on  plug-in  block  to  fit  Vishay  indicator). 

c)  A three  conductor  cable  lead  wire  with  plug  to  fit 
receptable  installed  in  wheel  well. 

d)  A temperature  sensor  signal  conditioning  network  for 
Vishay  indicator  with  leadw’re  and  plug. 

e)  A dry  bulb  thermometer  to  record  ambient  temperature. 

The  hand  held  probe  system  used  by  Reference  3 and  Keterence  7 
programs  for  latigue  sensor  resistance  readings  on  field  aircraft  was 
discarded  in  favor  of  a five  pin  plug  receptacle  mounted  in  tlie  wheel  '-.i'll. 
The  probe  system  worked  satisfactorily  for  two  contact  points  as  required 
by  Dentronic  sensors  but  was  less  than  desirable  for  three  contact  points 
required  by  the  Micro-Measurement  FM  sensor,  Tlie  [ilug  system  was  employed 
witii  improved  accuracy  of  data  and  ease  of  data  collection.  L'se  of  a 
five  |)in  plug  allowed  the  fatigue  sensor  and  temperature  sensor  on  the 
Lll  wing  to  sliare  a common  plug. 

The  ti’iiiperature  sensor  readout  used  a Micro-Measurement  LST 
network  to  <ulapt  T(i  temperature  sensor  output  signal  to  the  Vishay  l’-350 
indicator.  A direct  reading  of  temperature  (*^’8)  was  indicated  with  O.l*-’!' 
resolut ion. 


Reference  7.  - "T-371J  Kuseiage-Kmpennage  Scratch  Cage  and  Fatigue  Sensor 
Study",  Cessna  Report  318H-7319-030,  dated  29  March  1974. 
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D.iL.i  Col  loc  L ion  I’roi  ihIii ro 


I'at  i>;uo  sonsor  data  co  I I oo  L i on  on  I iold  ain  rail  rci|n  i ta.’d 
approx  i ma  Lo  I y I ivo  miniiLioi  jior  aircralL  wiLli  1 1k'  lollowinp  ac  I i v i 1 i i-  . : 

.i)  ZiTo  Lho  Vi.diay  I'-d'iO  indicaLor  by  plnp.i^iiiK  in  tin.'  "zoro 

block"  ( I Lom  b,  i’araj;ra|)b  i.i.l)  and  atljiiiLing  tin-  indicaLor 
null  balance  (p,agt-  lacLor  = 9.81). 

b)  Connm  L V isbay  iiulicator  to  ping  rocep t ai' 1 c in  wbeol  well 
(RH  and  Mi)  and  road  laLigin-  si-nsor  r«'.  i st  anco  (balance 
indicaLor).  One  micro-strain  (m  ) indicated  etpials  O.OOl 
ohins,c.p,.,a  +241  indication  would  be  +0.241  ohms. 

c)  Keebeck  indicaLor  ziro  alter  reading  latigue  sensors. 

d)  Connect  Visbay  indicaLor  with  temperature  lu-lwork  ti'  the 
i.li  ving  plug  .and  re.id  structure  tempf-r.iture  (direct 
reading  ^1).  Note;  Cage  1 actor  = 2.00. 

e)  Record  .-iuppoi  t i ng,  dat.i  (.lirer.alt  hours,  .ambient  tempo  r.at  u re , 
lo.iding  coni  igur.at  ion,  d.ate). 


1 


Field  bat.a  Collection 


Fatigue  si-nsiirs  were  n-.ad  by  (a-s.sna  Fleet  Monitoring  i-ngineers 
on  .an  approximate  quarterly  interval.  Reading  activities  were  coordinated 
with  Air  Force  personnel  at  e.acb  b.ase  who  provided  .access  to  the  airiralt. 
Fatigue  sensor  readings  were  condmted  on  <a  non  i nterlerence  basis  with 
data  collected  between  1 lights  or  during  norm.al  aircr.ilL  ilowntime. 

The  F.M  si-nsor  te.atures  strain  .and  tempi-rature  compensation 
(Relerence  4),  which  billows  latigue  si-nsors  Lo  In-  read  with  a variety  ol 
aircr.-ift  load  coni  ig.urat  ions  .and  .ambient  1 empi-rat  un-s.  Itowi-ver,  .i 
n-pt-.atabl  e load  coni  iguiation  w.i;;  usi-d  lor  i-.arlv  l.atigue  sensor  reaiiings 
P*  (it  .ivail.able)  to  minimi/.e  st.atii  load  elli-cts  iin  sm.all  n-s  i s t .anci-  changi-s 

(sei-  Ki'lereiice  4,  I’aragr.iph  /.4). 

Two  ot  thirty-two  sensors  inst.alli-d  wi-ri-  I ound  tii  be  detective 
during  field  d.ita  collection.  In  both  c.ases  (.aircr.alt  70-1291,  b4-b811), 
the  l.iLigue  sensor  strain  g.age  element  was  Found  Lo  be  err.atlc.  These- 
l.ailures  .an-  typical  of  thosi-  encounten-d  during  the  Relere'-.ce  4 laboratory- 
test  program  (10%  [jn-ntature  l.ailurt-  r.at<-  lor  this  test  series). 

Tablt-s  A-8  through  A-2 1 list  field  d.ata  loiiecLi-d  from  12 
danii.iry  197J  through  .lanu.iry  197(). 

! 
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Data  Col  loc't  ton  I’roFilons 


riu'  maior  d i f'  icu  1 1 v ent'omu  ortul  in  fatitjito  sensor  data 
collection  was  fatit’.ue  sensor  wirinj;  disconnected  or  damaf.ed  as  noted  I>v 
Talili's  A-H  tlironi’di  A-.’t  CwiriiiR  for  seven  of  tlilrty-lwo  sensors  installed 
was  danav.ein  . 


Kirinj;  ilamare  occurred  primarily  during  the  iX.'P  171  modification 
activity  (contractor  team)  and  normal  Air  Force  phase  inspections.  i he 
problem  was  isolated  to  the  fatittue  sensor  electrical  connector  installed 
in  t lie  ^>077287  access  panel.  In  spite  of  a placard  to  the  contrary 
(Figurt'  17),  the  panel  was.  being  removed  without  removing  the  connector 
(wiring  disconnected  by  ierking). 

It  became  apparent  that  the  connector  location  was  a poor 
si'lcctiou.  I'ho  previous  fatigue  sensor  wiring  for  F.eference  1 program  was 
never  damaged  (over  l.OOO  hours  operation)  with  the  connection  point  on  the 
wheel  well  w'eb  adiacent  to  the  access  panel.  The  lesson  to  he  learned  was 
that  of  keepim^  fatigue  sensor  wiring  and  connections  nut  of  high  maintenance 
traffic  areas. 

I'iie  following  modification  to  the  fatigue  sensor  lead  wire 
routing  and  electrical  receptacle  location  lias  been  developed; 

a)  Moving  the  electrical  connector  from  the  access  panel  to 
upper  wheel  well  (mount  with  existing  tooling  hole). 

b)  Bonding  fatigue  sensor  lead  wire  to  spar  cap  (b  inch 
adpacent  to  fatigue  sense. r)  using  F.C  1300  contact  cement. 

Damaged  fatigue  sensors  on  Maryland  AND  aircraft  were  repaired 
or  rc'placed.  i'hese  aircraft  received  the  w'iring  modification. 

I'he  six  aircraft  stationed  at  Fngland  AFB  were  transferred 
in  August  l‘>74,  bD-bBbb,  6307,  and  6369  to  Orissom  AFR,  69-b368  to  Youngs- 
town, 69-6370  to  Hancock,  and  6‘t-6371  to  Maryland  ANO . 


D 


DATA  AA’AI.YSIS 


' I )i  I t a P^  > d 1 1 c t j c^n 

Fatigue  sensor  data  collected  from  A-37  field  aircraft  are 
presented  in  i'able  form  by  Appendix  A (Table  A-8  through  A-23).  Those  data 
are  presr^nted  as  sensor  resistance  change  (Delta  R)  which  is  calculated  by 
subtracting  sensor  initial  zero  reading  from  each  field  data  reading  and 
correcting  for  temperature  variations  (see  Reference  A for  FM  sensor 
temperature  correction  data).  All  temperature  corrections  were  small 
(smaller  than  anticipated  before  Reference  A program)  and  diil  not  measurably 
affect  sensor  response  d.ata. 

3 A 


lifld  data  art'  plotLial  bv  l)asf  location  and  conipan-d  to  I ii  I 1 - 
siale  tost  calibration  and  i)rcdictcd  response  using  <i  scratih  ;vnp’  measund 
spectrum.  Figures  19  through  211  present  fielti  data  plots  and  respective 
compar  isons.  Tlie  siratch  gage  measured  spectrum  for  i-acli  is  presented  by 
Aijpendix  !J;  ri'sponse  predictions  are  consistent  with  metiiods  .ind  techni<juis 
usi'd  for  tile  full-scali'  test  (I’ar.igrapli  2.J). 

*-  Uata  Trends  and  Observations 

Field  aircraft  fatigue  sensor  ri'sponse  is  compared  in  terms  I'l 
position  above  or  below  reference  data  for  an  indication  of  operational 
severity.  Uata  points  above  relerenci'  indicate  greater  severity  of 
cumulative  strain  history  while  jioints  below  indicate  less  severity  of 
cumulative  strain  history  than  that  associated  with  the  reference  data. 

The  following  paragraphs  discuss  A-37B  field  aircraft  severity  trends 
resulting  from  fatigue  sensor  data. 

a Individual  Aircraft  Trends 

Individual  aircraft  response  data, figures  19  through  21,  indicati 
individi al  aircraft  sensors  (RH  and  I.M)  tend  to  track  together.  Marly  sensor 
response  among  individual  aircraft  at  a given  base  is  scattered  but  tends  to 
converge  a.s  flight  hours  are  cumulated.  Thla  pattern  indicates  local 
variations  in  individual  aircraft  usage  severity  and  data  scatter  with 
convergence  on  the  aircraft  user  operation  spectrum  as  tlie  usage  sample 
increases,  which  supports  the  assumption  that  usage  is  ergodic. 

Some  of  the  fluctuations  (scatter)  in  early  sensor  respon.se 
(below  0.1  ohm)  are  due  to  sensitivity  to  ambient  temperature  (temperature 
correction  applied)  and  static  load  variations  with  small  resistance 
cluinges.  Imperfections  in  strain  and  temp".'rature  compensation  for  small 
FM  sensor  resistance  changes  are  discussed  by  Reference  4. 

l»  h Operational  base  Trends 

A variation  of  severity  between  bases  (aircraft  users)  is 
apparent  by  examining  Figures  19  through  21.  Figure  22  shows  medial 
response  lines  for  the  three  bases.  Bases  are  listed  in  order  ol  decreasing 
.sever!  ty : 


BASE 

USER 

England  AFB  (Orissom) 

TAG 

.Maryland  ANC. 

i\Nc; 

Barksdale  AFB 

AFRES 

35 


ssom  AFB 


I I I I I 

k ».  «.  h.  «. 

tn  «n  «n  •)%  tn 

jw  »«w  bw 

r « « « 

t I t t 

» <ii*  ^^5  »£  *«5  •»  ** 


S 


I t i i 

»»  •*  « •» 


.93N«iSiS3H  enao 


t 


OJ 


38 


Figure  21  - Fatigue  Sensor  Field  Data  - Maryland  ANG 


SCRATCH  CACK  RI'.I.AI  IVK  l-ATICl'i;  HAMACF.  1:aTI:s  (KKFKKFNCK  8) 


i'll.  Hours 
RecluLod 
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( Bast' / Tost  ) 


Kn‘’  ( and 

224 

0. 

4 

Mary  1 and 

104 

0. 

M 

Harksdal e 

148 

0. 
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* Comparison 

of  fatigue  damage 

r.ites  at 

W. 

lower  1 roiiL 

spar  cap 

A-37  FUl.L-SCALK  FATICUK  TF.ST  C;0MPARIS()N 
WITH  FIFLl)  OPFKATIONAF  DATA 

LOWER  FRONT  WING  SPAR 


Figure  22 

Field  Alrcralt  Response  Comparison  witlt  Full  Scale  Test 


I’roport- i oils  ot  lalip,uo  sonsor  ri-sponse  suggest  Maryland  usage 
to  be  slightly  less  tlian  hiig  1 and/hr  i ssom  and  Barksdale  to  be  cons  ide  rablv' 
less  than  both  ol  tlie  otlier  bases.  This  sevi’rity  trend  is  the  same  as 
that  develojied  by  Rei'erence  5 latigiu’  sensor  instrumentation.  Also  the 
trends  are  tinis  i st  lUit  witli  scratch  gage  damage  rates  developed  by 
Keli-iance  8 pi'ogr.im  (see  figure  22). 

c Ril  to  Lll  Wing  Trends 

A comparison  of  Ril  versus  Lll  sensor  response  shows  little  bias 
in  data;  tlie  Lll  wing  tmuls  to  be  slightly  higher  at  all  bases.  This  data 
indicatis  the  effects  of  unsymmet r ical  loading  and  flight  maneuvers  are 
small  on  trout  spar  strain  history. 


d Field  Aircraft  Versus  Rull-Scale  Test 

Figure  22  compares  full-scale  test  calibration  developed  by 
Figure  15  with  field  aircraft  response  at  three  bases;  the  test  is  more 
Severe  than  ail  lield  aircraft  operations.  This  same  trend  is  indicated 
by  scratch  gage  damage  rates  developed  by  Reference  8 program  (see  Figure 
22  and  B-2 ) . 


e Field  Aircraft  Versus  Scratch  Gage  Prediction 

Fatigue  sensor  response  on  field  aircraft  is  predicted  using 
the  measured  strain  spectrums  for  A-37  operational  usage  developed  by 
Reference  8 scratch  gage  data  collection.  The  measured  spectra  for  each 
operational  base  are  documented  by  Appendix  B and  predictions  are  made 
using  the  transler  function  and  techniques  described  for  the  full-scale 
test  (Paragraph  2.1).  The  resulting  predictions  are  plotted  by  Figures  19 
through  21. 


I’redicted  response  from  scratch  gage  spectra  compares  favorably 
with  actual  fatigue  sensor  response  altliougli  (iredicted  tends  to  run  slightly 
^ iiigher.  It  should  be  noted  some  bias  may  exist  in  tlie  scratch  gage  spectra 

since  that  effort  was  directed  toward  collecting  an  adequate  sample  of 
each  signification  store  load-mission  code  combination  used  by  a particular 
base  (Reference  8);  tlie  fatigue  sensor  data  is  based  on  the  store  load- 
mission  code  distribution  used  by  the  base  during  the  data  collection  period. 
The  scratch  gage  data  was  collected  during  the  first  nine  months  of  1973 
which  coincides  with  the  FM  fatigue  sensor  installation  and  initial  data 
collect  ion. 


Reference  8.  - "Fatigue  Damage  Rates  of  Individual  Mission  Type-Store  Load 
Configuration",  Cessna  Report  318K-7419-028,  13  January  1975, 


Another  cotnpariaon  of  scratch  gage  pretliclion  versus  latigue 
sensor  actual  response  was  made  by  Reference  7 for  tlie  '1-37  canopy  rail. 
Both  of  these  cases  (Reference  7 and  tliis  report)  tend  to  demonstrate 
latigue  sensor  response  on  field  aircraft  is  compatible  with  the  measured 
strain  spectrum  of  the  scratch  gage. 


E FIELD  PROGRAM  RESULTS 

a)  Sixteen  aircraft  at  three  CONUS  bases  wore  instrumented 
witli  two  FM  fatigue  sensors  per  aircraft  on  tlie  Ifiwer 
front  spar. 

b)  Collected  13700  hours  of  data  during  tliirty-six  months. 

c)  A comparison  of  field  aircraft  data  witli  the  final  full- 
scale  test  inaicates  the  test  is  more  severe. 

d)  Usage  severity  trends  per  operational  base  are  indicated 
and  are  compatible  with  scratch  gage  damage  rates  per 
ba/se, 

e)  Predicted  fatigue  sensor  response  using  a measured  scratch 
gage  spectrum  compares  favorably  with  actual  fatigue  sensor 
response  per  base. 


A1 


SKCTION  IV 


1 IK  1.1)  AIRCRAFT  KONC  TKRM  INSTALLATION 


A INTRODUCTION 

riitj  i im));rani  instrumented  sixteen  A-'37B  aireral't  at 

tliree  CONUS  bases  with  lour  Diuitronic  SAP  fatigue  sensor.s  each  and  monitored 
these  s>,'nst)rs  from  24  Jul\^  1971  to  3 May  1972,  The  Dentronie  SAP  sensor 
WMS  the  primary  fatigue  Hvnaor  evaluated  by  tlie  original  Reference  3 
program  while  tlie  current  pros;ram  is  evaluating  the  Micro-Measurement  I'M 
sensor.  However,  several  of  the  original  Dentronie  sensors  have  been 
monitored  by  the  enrrent  program  for  an  additional  twenty-four  months  as 
a measure  of  sensor  longevity. 


B DATA  CULLLCTION  /VND  ANALYSIS 

The  majority  of  original  Dentronie  fatigue  sensors  were  made 
unusabli’  by  aircraft  transfer  or  removal  to  install  new  FM  fatigue  sensors 
as  noted  by  Paragraph  1.2.  However,  four  outboard  sensors  on  four  aircraft 
were  left  intact  (Figure  18)  and  have  been  monitored  in  conjunction  with 
F.M  sensor  data  collection  (Paragraph  3.3.3).  No  further  Dentronics  data 
was  collected  following  the  issuance  (if  the  interim  report.  Reference  10. 

Data  collection  and  analysis  methods  were  consistent  with  those 
described  by  Reference  3,  Tables  A-24  through  A-27  list  Dentronie  sensor 
data  available  for  the  total  period  and  Figure  23  plots  this  data. 

Figure  23  shows  the  Dentronie  sensors  have  indicated  consistent 
response  trends  for  approximately  1000  hours  operation. 

An  additional  measure  of  fatigue  sensor  longevity  has  been 
developed  by  the  Reference  7 program  where  FM  fatigue  sensors  have  indicated 
consistent  data  trends  for  1000  hours  operation  on  the  T-37  fuselage- 
empennage  . 


A-37  sensor  installations  at  the  three  Air  Force  bases  of 
Section  3 (Lngland  AF13  aircraft  now  reassigned  to  three  bases)  iiave  all 
accumulated  approximately  1000  flight  hours.  In  addition,  under  laboratory 
conditions  (see  Reference  4),  approximately  .TO  percent  of  the  sensors  tested, 
performed  satisfactorily  through  a cycle  life  equivalent  to  10,000  f] iglu 
hours  or  more.  In  view  of  this,  it  seems  likely  that  the  greatest  liazard  to 
the  longevity  of  a properly  designed  sensor  installation  will  be  inadvertant 
mechanical  damage. 


Reference  10.  - "Fatigue  Sensor  Kvaluation  Program  Interim  Full-Scale  Fatigue 
Test  and  Field  Aircraft  Instrumentation  Report",  Cessna  Report  318E-7419-039, 
31  October  1974. 
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F{(>nre  .13  - Dentronics  Sensor  - I.onR  I'erm  Response 


SECTION  V 


i 11. 1.1)  AIKCK.M  '1  L.A.MDINC  CKAK  I MS’l Al.l.AT  1 OM 


A [.‘.'TKODLCl  lU.N 


iM  I .iL  .'unsoib  wl'Tl'  i n.sL.il  1 cd  on  A-371S  lii'Ki  airorall 

l.iiuiin)’,  gi'.ir  -Inuliin-  to  monitor  «p\rpri  i y of  oppratinnal  loads  rolative  to 
to'  •'.•UiRue  tost  (Reference  9).  Two  aircraft  (S/N  69-6370. 

_>.  M71)  at  liiRland  AFB  were  in.stnjmented  at  four  locations  identica]  to  t he 
at  if,in.  test.  fhese  locations  were  selected  to  monitor  side  and  drag  loads 
on  each  gear. 


hoc. at  ion 
(Reference  8) 

Mult 

Load  Monitored 

7M\  (1.11  .Main) 

2.5 

Drag 

lU.Ml.  (1,11  Main) 

3.0 

Side 

d (Nose) 

5.0 

Drag 

3.VT  (Nose) 

2.0 

Side 

DATA  COLLECTION  /VHU  ANALYSES 


A-3713  landing  gear  fatigue  sensors  were  monitored  in 
conjunction  with  data  collection  for  EM  sensors  installed  on  the  wing  .spar 
(Section  J.O).  Data  collection  methods  were  similar  to  the  wing  spar 
except  .1  three  prong  probe  wa.s  used  to  connect  the  re.idout  indicator 
(similar  to  Keierence  7 data  collection).  Tables  A-28  and  A-29  list 
landing  gear  data  collected.  As  with  the  Dentronics  Vv'ing  Spar  Sensors,  no 
data  w.is  collected  after  issuance  of  the  interim  report.  Reference  10. 

rigures  24  and  25  are  comparison  plots  of  test  calibration  and 
lield  aircratt  res(>onse.  Field  data  are  from  Tables  A-38  and  A-29  while 
ti  st  ca!  ibr.ition  is  from  Relereiice  9. 

As  .in  indication  of  operational  severity,  field  aircralt  d;ita 
point;,  are  compared  iit  terms  of  position  altove  or  below  the  test 
i.ilibration  curve.  I'oints  above  tlie  calil)ration  indicate  greater  severity 
whili-  points  below  indicate  less  severity.  The  small  sample'  ol  field  dat;i 
limits  the  comparison  to  only  a general  indication;  trends  sliould  be 
judged  accordingly.  The  following  trends  are  summarized  from  data 
compar  i son.s : 

<i)  Field  aircratt  (training  operation)  have  higher  severity  of 
drag  lo.'ids  on  botli  nose  and  main  gear  than  the  tatigiu'  test. 


b)  Field  aircraft  (training  operation)  have  lower  severity  of 
side  loads  on  both  nose  and  main  gear  than  tlu’  fatigue  test. 
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Figure  25  - Main  Gear  Comparison  Plot 


SKCriON  VI 


FlliLl)  AlkCKAKT  llAN  10  IITTINO  1 MS  I AI.I.A  T 1 ON 


A INTRonUCTION 

Mil  ro-Mi’asari'mfuL  I'M  Fatigue  St'nsors  v<re  instalKa!  on  t he 
lorward  banjo  fitting  of  six  operational  field  airerall  as  a part  ol  the 
Keterenre  2 program.  fhe  installation  was  made  on  now  prodiut  ii-n  a in  raft 
73-1058  through  73-lObI  and  73-1003  and  7 3-1005  in  eon j unit  ion  with  t!ie 
installation  of  Fife  History  Reeorder  equipment  at  the  Ct’ssna  Walla. e 
Division.  The  location  of  tliese  sensors  (set  Figure  20)  was  identi.al  to 
one  ot  the  I'M  sensor  locations  used  in  the  Fuse  1 age-Fmpeiinage  Full  V.ale 
Test  (Reference  7). 


B UAIA  COFl.FCTLON  ,U'i)  ANALYSIS 

Data  collection  was  similar  to  the  methods  used  lor  the  A-37B 
Wing  Spar  Installation,  except  that  a Cannon  M(M2K-8-3rN  minature  jjlug  and 
matching  socket  were  used  for  each  sensor.  fhese  wore  made  accessible  liy 
the  removal  of  a single  inspection  panel  located  on  the  forward  side  of  the 
banjo  fitting  (see  Figure  27). 

The  timing  of  the  LHK  program  was  such  that  these  sensors  were 
not  installed  until  the  November  197A-April  1975  time  period.  No  readings 
were  taken  after  August  1975.  in  addition,  tiiis  i nstal  l.it  ion  was  designed 
as  a long  term  installation  using  the  old  compar.it  ive  si-veritv  concept. 
Therefore,  tiie  resistance  change  dat.a  avail.ible  is  not  significant. 

The  banjo  fitting  fatigue  sensor  calibration  curve  based  on 
Fnsel;ige-Kmpennage  Full  Scale  Test  data  is  shown  for  reference  in  Figure  28. 
Ciimparison  of  the  available  field  d.it.i  with  thisFcurve  indicates  a 
probability  that  field  usage  will  be  less  severe  th;m  the  test  spectrum. 
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DATA  RKADOl'T  FI. KGS 


Calibration  Curve  - Forward  Banjo  Fitting 
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RKSin.TS  AM)  Ci):;<;i,l  SION  . 
WORK  EFFORT  COMl’l.ETED  AND  RESULTS 


Wing  and  Carry-Thru  I'at  i gui.'  IT- si 


<n)  Installed  fatigue  sensors  .it  eigiil  los.iLion.-  on  tinal  full 
scale  wing  and  carry-thru  l.iLigui’  test  and  devi-loped 
calibration  response. 

b)  Fatigue  sensor  response  comparison  sIkiws: 

1.  Final  test  (training  spectrui.O  is  more  severe  than 
preliminary  test  (combat  speiitrum)  .it  die  wing 
root  lower  surface. 

2.  Lower  wing  surface  is  more  severi-  th.m  upper 
surface. 

1.  Lower  front  spar,  W.S.  91. sO  is  tin  most  severe 
location  (prior  to  beet -up). 

c)  Developed  calibration  response  for  c.omp.irison  to  field 
aircraft  instrumented  at  W.S.  55.16  lower  front  spar. 


Field  Aircraft 


a)  Installed  FM  fatigue  sensors  at  the  wing  root  on  sixteen 
A-37B  field  .aircraft  at  tliree  bases  and  collected  data 
on  a quarterly  basis  for  thirty-six  months. 

b)  Continued  monitoring  Dent  runic  sensors  inst.illed  by 
Reference  1 program  in  conjunction  with  item  (a)  data 
collection. 

c)  Continued  monitoring  landing  gear  sen.sors  installed  by 
Fleference  9 program  in  conjunction  with  item  (a)  data 
col  lection. 

d)  Installed  and  monitored  banjo  fitting  sensors  per  Reference 

2. 

e)  Predicted  fiitigue  S'.nsor  response  using  load  spectra 
measured  by  mechanical  itr.iin  .’.age  (si  r. itch  g.ige)  . 
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1)  l.iLL;.',ui'  .‘ii'iisor  r^•,sp^lns^■  innnpar  i sun  sliows: 

I.  r.itijpu'  li'sL  is  more  srveri’  Ilian  o pc  ra  I i ona  I 
airnrall  ,iL  Llic  vvinj;  root. 

. Severity  ol  operational  usage  varies  with  each  i 

using  command. 

i.  latigue  sensors  have  indicated  consistent  data 
trends  for  1000  hours  field  aircraft  operation. 

a.  i)perational  landing  gear  drag  loads  are  higher 
in  severity  tlian  the  fatigue  test  while  side 
loads  are  lower  in  severity  based  on  a limited 
amount  of  data. 

5.  i’ri'dicted  fatigue  sensor  response  using  a 

measured  strain  spectrum  compares  favorably  with 
actual  response. 


b COh’CLUSIOhS 


!'ati);ue  sensor  application  to  aircraft  structural  fleet 
monitoring  cont  inues  to  show  promise: 

.i)  Fatigue  sensor  usage  severity  trends  are  consistent 
and  compatible  with  measured  strain  history  data  on 
both  lull-scale  test  and  operational  aircraft. 

b)  bong  term  data  coi  lection  is  |)ossible  with  minimum 
eflort  ri'quired;  consistent  data  trends  liave  been 
indicated  for  1000  hours  operation  on  individual 

a ire  raft. 

c)  Field  aircraft  instrumentation  and  data  collection 
caused  minimum  aircraft  downtime  and  produced  no 
burden  on  users. 


b KKOOMMKl'lDATIONS 

■Jiie  programs  covered  by  this  report  were  developed  using  the 
data  comparison  metliod  of  data  analysis,  i.g^  ^"tliis  data  is  more  (or  less) 
severe  tlian  the  reference  data."  Since  the  initiation  of  these  programs, 
more  advanced  metliods  of  data  analysis  have  been  develojied  (see  Reference  1). 
Tliese  methods  are  capable  of: 
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a)  Establishing  an  approx  im.i  le  strain  excoedanco  curve  wliich 

produces  the  same  fatigue  damaKO  .is  the  actual  strain  liistorv 
(Equivalent  Exceedance  History  Mctiiod). 

h)  Indicating  directly  the  fatigue  damage  accumulated  by  the 
Instrumented  structure  (Direct  Damage  Method). 


Based  on  the  availability  of  these  data  analysl.s  methods,  it  is 
recommended  that  the  field  program  he  redirected  as  follows: 

a)  Install  fatigue  sensors  on  a sample  of  I'SAE  Continental 
United  States'  aircraft,  preferably  aircraft  with 
operative  Life  History  Recorder  and/or  Mechanical  Strain 
Recorder  installations.  These  would  be  multiple  sensor 
(2  sensors  minimum,  3 recommeded)  installations  for  each 
structural  location  to  he  monitored,  and  would  have  a 
maximum  spread  of  sensor  multipliers  consistent  with  the 
expected  range  of  operating  strains.  This  type  of  instal- 
lation would  be  specifically  designed  for  the  Equivalent  , 
Exceedance  History  method  of  data  analysis  described  in 
Reference  1. 

Apply  the  data  analysis  methods  and  compare  results  with  I.ife 
History  Recorder  and  Mechanical  Strain  Recorder  results  for 
field  verification  and  application  refinement. 

b ) Instrument  all  current  production  run  aircraft  with  Fatigue 
Sensors  witii  particular  emphasis  on  aircraft  scheduled  for 
foreign  military  sales. 

1.  Install  multiple  sensors  on  a sample  of  each  probable 
fleet  grouping.  These  would  he  used  with  the  Equivalent 
Exceedance  History  data  analysis  metliod  of  Reference  1 to 
establish  typical  usage  spectrums. 

2.  Install  a single  sensor  on  all  .such  aircraft.  Tliese  would 
be  used  in  conjunction  with  the  Direct  Damage  data  anijlysis 
method  of  Reference  1.  This  would  provide  (with  the 
Information  from  paragrajih  a)  a complete  fleet  tracking 
program  if  it  should  be  needed,  to  aid  in  the  disposition 
of  future  structural  Integrity  problems,  or  to  help  formu- 
late Inspection  policies. 


^ '♦  i;,-,  ■ '■»  • 


I’o  t inalize  llie  data  analysis  metiiods,  LIil-  following,  r ucomnic-nda  L i ons 
am  madi  . Tliesc  r fcoiraiifuda t i<ms  arc  also  stated  in  Reference  1. 

(■)  Refine  and  computerize  methods.  This  would  include: 

1.  Rreiuiring  more  accurate  AK  versus  maximum  strain/slope 
table  for  Exceedance  History  Method. 

. Developing  a method  to  establish  the  effective  multiplier 
of  an  installed  sensor. 

T.  (!oinputer  iz  ing  and  documenting  the  use  of  tlie  Erpjivalent 
E.xceedauce  History  Method  and  the  Direct  Damage  Method. 

4.  Refining  the  application  of  mean  strain  effect. 

d)  Conduct  laboratory  tests  to  obtain: 

a.  Basic  performance  data  on  higli  multiplier  EM 
sensors.  (Higher  multiplier  will  be  most 
adaptable  in  the  proposed  method.) 

1).  I'emperature  compensation  and  "creep"  data  on  improved 
adhesive/sensor  combination  (M-17  Adhesive). 

e)  Study  the  feasiljility  of  methods  to  relate  fatigue  sensor 
response  to  crack  growth.  Since  a corjnon  driving  force  of 
cyclic  strain  exists  between  fatigue  sensor  response,  fatigue 
damage,  and  crack  growth,  it  appears  feasible  that  a method 
could  be  developed  to  relate  fatigue  sensor  response  to  crack 
growt  h. 
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APPENDIX  A 
FATIGUE  SENSOR  DATA 
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A-i7B  ( AT  IGue  S=NSCP  EVALUATKN  PROGRAM 
Rill  SfAl,c  test  AML'  FIELD  AIRCRAFT  I NS  T RU  M ENT  A T 1 (JM 

FINAL  REPPRT 


FA  TI G JF 

S'^NSCR 

DATA 

TAHU-  A-1 

A-  W /JIM 

J-CARR  y 

TiJP  U 

FULL  SCALR  TEST 

( I 11  s t , i 1 1 l' 

(i  at  0 Tf 

;t  Hours) 

INITIAL 

2ER  ’ RE  AD  I NG 

IP 

IL 

2R 

2L 

AR 

3L 

n 

5.0 

5.0 

2,(. 

2.6 

5.0 

5 . 0 

/■=Rn  TEMP  = 8S. 

8 

-C  .578 

-0.  125 

-C. 090 

-0 . 35a 

-0.62C 

0 .225 

calculat 

ED  VALUES  C'F 

DEI TA  P 

•■’5  AD  HJURS 

TEMP 

1 P 

It 

2R 

2L 

3R 

3L 

1 . 

4 • 

90.5 

C .023 

0.023 

C.  003 

-0.001 

0.0  12 

0.015 

2. 

21  . 

82.2 

C.035 

0.027 

0.  0 31 

0.017 

0.069 

0.070 

26. 

80.  5 

C.  056 

0.05  1 

0.036 

0. 029 

0.092 

0.095 

. 

36. 

81.2 

C.  109 

C . 105 

0.131 

0.119 

0.0 

C.291 

B. 

eo. 

83.  8 

C.  190 

C . 1 89 

0. 2 38 

0.2  23 

0.0 

C .537 

6. 

107. 

82. 8 

C.  2 68 

0.268 

0.  3 57 

0.  353 

0.0 

0.802 

7 . 

157. 

85.3 

0.3  73 

0.377 

0.  507 

0.592 

0.0 

1.152 

B. 

216. 

87.  C 

C.  500 

0. 50o 

0.  566 

0.551 

0.0 

1 . 2 70 

9. 

250. 

82.  C 

C.560 

0.561 

0.  636 

0.620 

0.0 

1.513 

10  . 

325. 

85 . 8 

C.  566 

0.568 

0.  775 

0.  761 

0.0 

1 . 702 

1 1. 

366. 

87.7 

C.628 

0.631 

0.  866 

0.851 

0.0 

1.880 

12. 

A59. 

85.5 

0.671 

0.670 

0.  955 

0.939 

0.0 

^ .057 

13. 

5C5. 

89. 0 

0.  678 

0.680 

0.  962 

0.957 

0.0 

2.075 

1 A. 

6C7. 

83.5 

C.  789 

0.787 

1.  105 

1 . 091 

0.0 

2.359 

15  . 

7C3. 

6 6«  6 

0.8  36 

0.835 

1.189 

1.181 

0.0 

2 . 505 

16  . 

9Z7. 

86. 5 

C.  956 

0.955 

1.319 

1.3  12 

0.0 

2.750 

1 7, 

938. 

86.  3 

1.019 

1.011 

1.517 

1.511 

0.0 

2.898 

16. 

1010. 

85. 7 

1 .029 

1.020 

1. 553 

1 . 550 

0.0 

2.953 

19. 

1113. 

85.6 

1.110 

1.103 

1.  557 

1.555 

0.0 

3.101 

:o . 

1209. 

83. 8 

1.156 

1.137 

1. 612 

1.6  11 

0.0 

3.225 

21  . 

1313. 

85. 5 

1.230 

1.222 

1.  702 

1 . 705 

0.0 

3.522 

22. 

1516. 

86.9 

1 .283 

1.278 

1.  782 

1.  785 

0.0 

3.595 

23. 

1 5 16. 

86.9 

1.2  82 

1 . 276 

1.  790 

1.8  05 

0.0 

3.636 

2A. 

16  18. 

86.9 

1.359 

1.353 

1 . 867 

1 . 869 

0.0 

0.0 

25. 

1715. 

8 7.  7 

1 .382 

1.375 

1.919 

1.920 

0.0 

0.0 

26. 

1 827. 

85.8 

1.565 

1.551 

2.005 

2. 002 

0.0 

0.0 

2T  . 

1919. 

83.5 

1 . 508 

1 . 592 

2.065 

2.061 

0.0 

0.0 

28. 

2023. 

88.0 

1.515 

1.599 

2.081 

2.0  82 

0.0 

0.0 

29. 

2 123. 

82.  7 

1.582 

1.562 

2.  157 

2.  155 

0.0 

U.  0 

30. 

2219. 

86 . 0 

1.608 

1 .583 

2.  207 

2.203 

0.0 

0.0 

3 1. 

22  70. 

83.  7 

1 .657 

1.635 

2.  2 56 

2.252 

0.0 

0.0 

32. 

2525. 

83.2 

1.  721 

1.691 

2.  356 

2.355 

0.0 

C .0 

33  . 

2 7 75. 

85.6 

1 . 850 

1.B13 

2.  515 

2.522 

0.0 

0.0 

3A. 

3031  . 

85.5 

1.898 

1.878 

2.616 

2.615 

0.0 

0.0 

35. 

3280. 

73.  7 

2.010 

1.997 

2.  769 

2.  7 65 

0.0 

0.0 

36. 

3536. 

78.2 

2 . 066 

2 .C60 

2.8  88 

2.875 

0.0 

0.0 

3 7, 

3 766. 

81 . 9 

2. 1 66 

2.157 

3.051 

3.010 

0.0 

0,0 

38. 

5 051  . 

76.  1 

2.223 

2.^10 

3.  163 

3.112 

0.0 

0.0 

NOTF—  CALCULATED  VALUES  OF  DELTA  P HAVE  BEEN  CORRECTED 
TO  THE  ZFRO  TEMPERATURE 
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r/iTIGUr  SFNSrR  FVALUATKN  PRi-'.PAM 
FULL  SFALt  TtGT  AND  FIFID  AIRCRAFT  I N S T PU  m T A T U)N 

FINAL  PF  PHPT 
1ARLK  A-I  Cflnnt  i nticd ') 

FATI5UF  SENSFiR  DATA 

A-37  NING-CARRY  TFFRU  FLLl  SCALE  FFST 

calculated  values  cf  delta  P 


READ 

H lURS 

TEMP 

IR 

IL 

2R 

2L 

3P 

3L 

39  . 

a5a7. 

81.7 

2.376 

2 . 3A0 

3.  A59 

3 . AAO 

0.0 

0.0 

AO. 

5052. 

77.  1 

2. 52A 

2.  A63 

3.  7 75 

0.0 

0.0 

0.0 

Al  . 

5 5 5 7. 

76.  1 

2.710 

2.612 

A.  2 06 

0.  0 

0.0 

0.0 

A2. 

bOti. 

75.9 

2.915 

2.762 

A.  707 

0.0 

0.0 

0.0 

A3. 

6C69. 

77.5 

2.909 

2 . 752 

A.  709 

0.0 

0.0 

0.0 

AA. 

6372. 

78.  5 

2.912 

^.755 

A.  7 03 

0.  0 

0.0 

0.0 

A5. 

6162. 

76.3 

2 .979 

2 . 786 

A.  801 

0.0 

0.0 

0.0 

A6  . 

6228. 

81.  5 

3.001 

2.8CC 

0.  0 

0.0 

0.0 

0.0 

A7. 

626  5. 

82.  A 

3.  OCl 

2 . 798 

0.  0 

0.0 

0.0 

0.0 

a8  . 

6 3 66. 

80.  2 

3. 078 

2.8A1 

0.0 

0.0 

0.0 

0.0 

A9. 

6 A 6 7 . 

8A.  2 

3.  120 

2.869 

0.  0 

0.0 

0.0 

0.0 

50. 

6 568. 

82.2 

3.129 

2.67a 

0.  0 

0.0 

0.0 

0 .0 

51  . 

6, 6 7 1 . 

85.  A 

3. 17A 

2.913 

0.0 

0.0 

0.0 

0.0 

52. 

6767. 

83.  8 

3.199 

2.939 

C.  0 

0.0 

0.0 

c.o 

53. 

6871  . 

85.2 

3.265 

2.987 

c.o 

0.0 

0.0 

0.0 

5A. 

6982. 

82.  5 

3.299 

3. 015 

0.  0 

c.o 

0.0 

0.0 

55. 

7C73. 

82.6 

3.305 

3.C20 

0.  0 

0.0 

0.0 

0.0 

56. 

n 7b. 

83.8 

3.355 

3.058 

0.  0 

0.0 

0.0 

0.0 

57. 

72  32  . 

83.9 

3.385 

3.07A 

0.  0 

0.0 

0.0 

0.0 

58. 

7 3 76. 

82. 3 

3 . A 66 

3.136 

0.0 

0.0 

0.0 

0.0 

59  . 

7a77. 

81.2 

3.52A 

3.171 

0.0 

0.0 

c.o 

0 . 0 

50. 

7578. 

8A.  8 

3.527 

3.176 

0.0 

0.0 

0.0 

0.0 

61. 

7633. 

8A.0 

3.  5A6 

3.  176 

0.  0 

0.0 

U.  0 

0.0 

62. 

7682. 

82.8 

3.580 

3.221 

0.0 

0.0 

o.c 

0.0 

63. 

7 7 78. 

85.7 

3.61C 

3. 2AC 

0.  0 

0.  0 

0.0 

0.0 

6A. 

7882. 

60.  A 

3.680 

3.308 

0.  0 

0.  0 

0.0 

0.0 

65. 

7983. 

83.  A 

3.  71A 

3.323 

0.  0 

0.0 

0.0 

0.0 

66. 

80FA. 

81.9 

3.  725 

3.  326 

0.  0 

0.0 

0.0 

0.0 

67. 

8333. 

8A.  3 

3.  853 

3.A16 

0.  0 

U . 0 

0.0 

0.0 

68. 

3589. 

81.8 

3.931 

3 . A60 

C.  0 

c.o 

o.c 

0.0 

69. 

8639. 

82.  A 

A. 095 

3.551 

0.  0 

0.0 

0.0 

0.0 

70. 

9C9A. 

85.  A 

A. 217 

3 .6C7 

0.  0 

0.0 

0.0 

0.0 

71  . 

9238. 

61.  A 

A.  332 

3.667 

0.0 

0.0 

0.0 

0.0 

72. 

9600. 

82. 8 

A,  6A9 

3 . 76A 

0.  0 

0.0 

0.0 

0.0 

73. 

101C5. 

87.9 

c.o 

3.903 

0.  0 

0.0 

o.c 

0.0 

7A. 

10610. 

86.0 

0.0 

A.  1 16 

0.  0 

0.0 

0.0 

0.0 

75. 

11116. 

76.  8 

c.o 

A.  3AA 

0.  0 

0.0 

0.0 

0.0 

76. 

11621 . 

76.  A 

0.0 

A .505 

0.  0 

0.0 

o.c 

0.0 

77. 

12126. 

77.  6 

C.  0 

H.  730 

0.0 

0.0 

0.0 

0.0 

78. 

12631. 

86.  A 

c.o 

A . 9 7 A 

0.0 

0.0 

0.0 

0.0 

79. 

13137. 

88.2 

c.o 

5.223 

0.0 

0.0 

0.0 

0.0 

80. 

1 36A2. 

86.  A 

c.o 

5.A52 

C.  0 

c.o 

0.0 

0.3 

81. 

1 A1 A8. 

87.  5 

0.0 

5.  739 

0.  0 

U.  0 

0.0 

0.0 

NOTE—  CALCULATED  VALUES  OF  DELTA  R HAVE  BEEN  CORRECTED 
TO  THE  ZERO  TEMPERATURE 
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A-}?H  t AT  i UF  SENSbK  EVALUATICN  P«LUEA«^ 

FULL  iCALt  TLST  ANC  FIFLC  AlkCRAFT  I N S T HUM  EN  T A T 1 (jlj 

FINAL  KEFOkF 
TAHl  V.  A-2 

FATIGJF  SENM'k  DATA 


A-37  <*IN..-CARRY  THRU 

FULL  SCAIF  TEST 

(Iiv  t .ll  1-- 

i ;it  n I'f.t  Hour 

INIT  1 AL  7ERU  REAl  INF 

•iF  AL 

Sk 

SL  6R 

i L 

n 

J . T . S 

I.  ■) 

3.3 

ZERO  TEMP  = 8‘;.d 

-C.2E)A  -0,Cti 

-C.  IAa 

-C.2'5. 

*G  • ♦ j 0 

C ALfULAT I : VALUES  GF 

CEL  T A R 

HEAD 

HOURS 

TEMP 

AR 

AL 

5R 

5L 

6R 

6.L 

1 . 

A . 

90.  A 

O.OAO 

C.  CA3 

0.  C19 

0.02A 

0.  0 02 

0.  OIC 

2. 

21 . 

82.2 

O.C  73 

C . 8 C 

0.0  70 

J.  090 

0.  053 

u.  0 1 1 

3 . 

26. 

80.5 

C.  C90 

0.098 

C.096 

0.118 

6 . 066 

0.021 

•«  • 

36. 

81.2 

C .2A6 

0 . 2 6 A 

0.2  75 

0.333 

0.  1 dA 

O.Odl 

5. 

60  . 

88. 8 

C.a15 

C.  A5C 

C.  a5a 

0.  551 

C.2d7 

0 . 1 AO 

6 . 

iC  7. 

82.8 

C.  596 

0.63  1 

0.6  86 

0.0 

C.  A LA 

0.211 

7. 

157. 

85.  ^ 

0.  E2A 

0.  863 

G.  93A 

0.0 

0.  563 

0..’90 

e . 

2 16  . 

8 7.  C 

C.  9CA 

0.  9AA 

i . ce.? 

0.0 

0.623 

0.32^ 

9. 

250. 

B2.0 

1 .011 

1 . C66 

1.201 

0. 0 

0 . o 9 6 

C . 1 6 -J 

10. 

j25. 

8a  , 0 

1,218 

1.  .71 

1.  a51 

0.0 

0.  838 

0 . A 3 1 

Ll. 

386  . 

8 7.7 

1 . 3AA 

1 . AC2 

1.6  13 

c.o 

0.  931 

0 . A d 3 

12. 

A 6 5 . 

8A  . 5 

1 . A35 

1 . A9A 

1.  7 70 

0.  0 

0.997 

L . 5 l6 

13. 

50a. 

89.0 

1 . AtA 

1.625 

1.  oOl 

0.  0 

1.027 

0.  5 32 

1-.  . 

6C  7 . 

83.  A 

1 .666 

1.7.7 

2. 9 51 

0.0 

1 . 1 dA 

0.620 

IS. 

7C3  . 

8 6 . b 

1.772 

1 .833 

2.  203 

0.  c 

1.2o5 

0,066 

16. 

8C7. 

ht.  5 

1 .96  A 

2.02A 

2.  A23 

0.  0 

1.  aOA 

0.  7A6 

1/  . 

908. 

86 . 3 

^ .C  8-^ 

2 . 1 A 7 

2. 5SA 

0.0 

1.av9 

0.801 

18. 

1010. 

8 A . 7 

1 . 1 ll 

2.175 

2.659 

0.0 

1. 533 

0.820 

19. 

1113. 

85.6 

^ .253 

2.30  7 

..  8A0 

0.0 

1 , b a9 

0.  890 

20  . 

12C9. 

63.6 

i .333 

2.376 

2 . 960 

0.  0 

1 . 7 05 

0.92^ 

21. 

13  13. 

8A  . 5 

. A9G 

..5  15 

J.  126 

0.0 

1 . 8 1 L' 

C.987 

12. 

lA  It. 

86.9 

2.596 

2.6C9 

3.  2 78 

c.  c 

1.889 

1.033 

23. 

1516. 

86  • 9 

2 .6C8 

2.622 

3.327 

0. 0 

1. 900 

1 . OAl 

2A. 

16  18. 

86.9 

.1.812 

2.732 

C.  0 

0.  0 

1. 996 

1.101 

2b. 

1 71a. 

87.7 

2.893 

2.  HCC 

0.  0 

0.0 

2.0A5 

1 . 1 2 7 

2b. 

1 82  7 . 

85.8 

3 .C  76 

2 . S 5 1 

0.  0 

0.  0 

2. 1 50 

1.137 

21. 

1919. 

83.  A 

3,  1 72 

3.056 

0.  0 

0.  0 

2.2  13 

1.223 

2d  . 

2023. 

88.  C 

3.209 

3.v,9  8 

0.0 

0.0 

2.2A5 

1 .237 

29. 

2123. 

82 . 7 

3.366 

3.2  78 

0.0 

0.0 

2.  } i 5 

1 . ’36 

30. 

2219. 

86.0 

3.  AA9 

3, 3 /A 

0.  0 

0.0 

2.3  80 

1.309 

31. 

22/C. 

83  . / 

3.6oa 

3.  A77 

0.  0 

0.0 

2.  Aa3 

1 . 3A3 

32  . 

2525. 

83. 2 

j.  797 

3 . 70A 

0.  0 

0.  0 

2.561 

1 . aOI 

33. 

2 7 75. 

85.6 

A.2A8 

A.  1.2 

0.  0 

0.  0 

2.  7a5 

1.A98 

39. 

303  1 . 

6 A .A 

C .0 

A.A12 

0.0 

0.0 

2.861 

1.551 

35. 

3 2 80  . 

73.  7 

c.c 

A , 6 A 6 

0.  0 

0.0 

3.  OuA 

1 .0  36 

ib. 

3536. 

70.2 

c.o 

5.2  19 

0.  0 

0.  0 

3.2  lA 

1 . o9A 

37. 

3 786  . 

81.9 

0.0 

5.815 

0.  0 

0.0 

3.  A31 

1.780 

38. 

AOAl. 

76.  1 

c.o 

6.A27 

0.  0 

0.  0 

3.595 

> .831 

NOTE  — 

CALCULATED  VALUES  OF  1 

DELTA  R 1 

NAVE  BEEN 

CORRECTEO 

TO  THE  ^EkQ  TEA-FERATURE 


a-3/e  f AI  U,ut  StNSCK  EVAlUAriCN  PKO\,kAM 
fuu  scale  TEEI  ANC,  field  AlWCKAfl  IN  STKUKlM  A T ICiN 

f INAL  Ef  F OHF 
'ARIF'  A-.'’  ' ont  i nti<’'i ) 

FATIGiJE  SENSCk  JAT  A 

A-J/  .<1NG-(AE'<Y  IHEU  ELIL  SCALE  TEST 
1 ALLULATEC  VALUES  (jF  CELIA  E 


E r AD 

hOUPS 

T EMP 

9k 

9L 

39. 

tSA/. 

61.7 

C.O 

0.0 

•«0. 

bCE2  . 

7 7.1 

c.c 

0.  c 

A1  . 

SS57. 

76 . 1 

c.c 

0.0 

t>0L  3. 

7 8 . 6 

0.0 

0.0 

NLTE--  I AlCULAIED  VALUES  C'E  DELTA  E 
T'l  THE  ^EKO  TEmpeeATL'EE 


SR 

5L 

6R 

6L 

0.  0 

3.0 

9.005 

1.962 

C.  0 

0.0 

9. 5 16 

2.036 

0.0 

0.  0 

5.052 

2.209 

0.  0 

0.0 

5 . 6 ic 

2.32  7 

HAVE  oEEN  C TkKEC  TED 


A-  W !< 

( AT  1 ,UT 

SF  NSl  R 

E VALUAT  I ( N PP(.  ,HAM 

TOLL  SCA!  F 

Ti  ST  ANn 

F I E L 0 

AIRCRAFT  instrument  AT  !t;'J 

F I iNA  1 

FT  f'PR'" 

TABU 

: A-  T 

F A i I 0 ) f S ' '■  ! ' W TATA 

A-,<('  ^ IN  .-CAKHV  ThPJ  Fulc  SCALE  TFSi  ( I ii'-^  I 1 1 1 imI  at  f)0*)A  I'ottt  ilours) 


I tU  T I A 1 Z F R 

■ REAM 

No 

AF 

al 

5R 

SL 

‘jR 

61. 

n 

. f) 

. *> 

i.  A 

3.S 

i . ') 

ZFRO  TE^’P  = 

7S  . Q 

C .OEC 

0.12^ 

-0. 2 /A 

-D.  1 M 

-C. JAO 

-C.  j20 

calcolat;  0 

,'ALLFS 

UF 

DELTA  R 

READ 

M TLJRS 

TEMP 

AR 

.L 

5R 

6L 

6P. 

5L 

1 . 

6 . 

//.  5 

C . C38 

0.036 

0.  1 18 

0.118 

0.0/1 

G.07C 

2. 

9. 

/8.  5 

0.  0A6 

0.0a  7 

0.  130 

0.126 

0.088 

0.090 

3. 

99. 

/6. 3 

0.2/0 

0.299 

0.99A 

0.903 

0.5A1 

C .523 

••  . 

u . 

bl . 5 

C . 3 60 

0 . A O 1 

1 . 358 

1.2  20 

0.  726 

0.  /OA 

5, 

202. 

82.  A 

0 . 186 

G . A 30 

1 . A 68 

1.299 

0.  7 92 

0.  766 

6 . 

3C3. 

80.2 

C . 639 

C . 599 

1 . 989 

0.0 

1.037 

1.096 

! . 

AOa. 

8A.2 

C . 6 A 6 

L 9 1 / c 

2.3/3 

0 . G 

1 .305 

1.259 

3 . 

5C:  . 

82.2 

0.676 

I'yl 

2.  509 

w . 0 

1 . 3 89 

1 .3A1 

A , 

608. 

1 5 • A 

C . 786 

0.8  78 

2.351 

0.0 

1. 60A 

1 .5  AA 

1C. 

7Ca. 

83.8 

C.  8aA 

0 . 9 A 6 

3.  093 

0.0 

1.  7 30 

1.667 

11. 

bC«. 

E5.. 

0.9  5a 

i . 062 

3.  79 

J.  0 

1.936 

1.857 

12. 

919. 

82 . 5 

1 .C2f 

1 . IAa 

3.826 

0.0 

2.095 

1 .998 

13. 

1010. 

82. 6 

1 . Oao 

1.168 

3.  938 

0.  0 

2.  It9 

2.053 

1 A. 

1 1 lA. 

83.8 

1.  12A 

1.25A 

A.  351 

0.0 

2.313 

2.2  JA 

13  . 

12  09  . 

83.9 

1 . 16A 

1 .302 

A.  7 09 

0.0 

2 .A  lA 

2.29A 

16. 

13  13. 

82. 3 

1 .252 

1 . A07 

5.  A Aa 

0.0 

2.585 

2.  A50 

17. 

lAlA. 

81.2 

1 . 30a 

1 . A61 

5. 9 83 

0.0 

2.702 

2.573 

18  . 

1515. 

faA.  8 

1.317 

1 . A 76 

6 . 2 Ot 

0.0 

2.751 

2.631 

19. 

1 5 7C. 

8-..0 

1.351 

1.515 

6.  6 50 

0.  0 

2.8  20 

2.6  99 

20. 

1619. 

82 . 8 

1.386 

1.555 

7.181 

0 • 0 

2.899 

2.772 

2 1 . 

1/15. 

85  . / 

1.923 

1 . 5S6 

7.90/ 

0.0 

2.992 

2.859 

22. 

1819. 

80.  A 

1 . 500 

1.6  7a 

0.  0 

0.0 

3.  1 5A 

3.0  17 

23  . 

1920  . 

8 3.  A 

1.536 

1.716 

0. 0 

0.0 

3.289 

3. 120 

2A. 

2 0^1. 

81.9 

1 . 55L 

i . 7 35 

0.  J 

G.O 

3.387 

3 . 1 8 1 

25. 

2 2/0. 

8a.  3 

1.6/6 

1.876 

0.  0 

0.0 

3.855 

3. 510 

26  . 

2 5 26. 

8 1.8 

1 . /a5 

1.953 

c.o 

0.0 

H.  1 76 

3.759 

27. 

2/76. 

8 2.  A 

1 . 85A 

2.093 

0.0 

c.o 

A. 682 

A.  192 

28. 

3031  . 

8 5.  A 

1.91A 

2.  U 5 

0.  0 

0.0 

5.155 

A.  573 

29. 

31/8. 

81  .A 

1.9/8 

2.22A 

0.  0 

0.0 

5.  582 

A . 9 2 6 

30. 

15  3/. 

82.8 

2.0  60 

2. 330 

0.  0 

0.0 

6.51a 

8.625 

31  . 

■»0  a2  . 

8 /.  9 

2. 20j 

2.566 

U.  0 

0.  0 

0.  u 

J . 0 

32  . 

A 5 ■♦  / . 

86. 0 

2.  j35 

2 . 791 

0.0 

0.0 

0.0 

0.0 

33. 

5C53. 

78.8 

c • A 6 8 

.926 

0.  0 

0.0 

C.O 

0.0 

3a. 

5558. 

76.  A 

2.600 

3.161 

0.  0 

0.  0 

0.0 

c.o 

35. 

6 06  3. 

11.  t 

2.719 

3.  A13 

0.  0 

0.  0 

O.u 

c.o 

36. 

6568. 

86.  A 

^ . 83  / 

3 . 583 

0.  0 

0.0 

0.0 

0.0 

3 7. 

/C  /A. 

88.2 

2. 96A 

9.0 

0,  0 

0.0 

0.0 

0.0 

38. 

/ 5 /9  . 

86.  A 

3.098 

0.  0 

0.  u 

0.0 

0.0 

0 .0 

NOTE  — 

C ALCULA  TED  VAl  UES  UF  1 

delta  r have  been 

CURKECTED 

TO  The  ^EkO  TEMPT RATUEE 


hO 


A-.WB  FATlGUfc  SFNSOQ  EVALUATICN  PRCiURAM 
Full  btALF  TFSI  AND  FIEID  AIRCRAFT  I N S TRU’-I  FN  T A T I PN 

FINAL  REPORT 
TARI.K  A- i ((Continued) 

fatigjf  sfnfpr  data 

A-H  (KING-CARRY  ThRu  FILL  SCAC?  TEST 
CAlCULATtO  VALUEi  01  DFita  R 


READ 

H lURS 

TEMP 

AR 

AL 

5R 

5L 

6R 

5L 

39. 

3C85. 

87.5 

3. 229 

0.0 

0.  0 

0.0 

0.0 

0.0 

0 • 

3 C 9(* . 

82 .6 

3.227 

C.  0 

C.  0 

u . 0 

0.0 

0.0 

A 1 . 

31  19. 

86, 

3,2  36 

o.c 

0.  3 

3.0 

0.0 

0.0 

A2. 

3 lAC. 

86.9 

2A3 

0.  0 

C.  0 

0.0 

0.0 

C .0 

‘♦3  . 

31FA. 

8A.  7 

3.267 

C . 0 

0.  0 

0.0 

0.0 

0.0 

*t  A • 

8251. 

89.  2 

3. 30A 

0.0 

0.0 

0.  3 

0.0 

0.  3 

AS. 

326  7. 

82.3 

3.3  07 

0.0 

0.0 

0.0 

0.0 

C.O 

A6  . 

3388. 

90.  5 

3.356 

0.0 

0.0 

0.0 

0.0 

C.O 

AT, 

3A91. 

80.  1 

3,  38A 

0.0 

0.0 

0.0 

0.0 

0.0 

A3  . 

3590. 

87.3 

3 .A07 

0.0 

0.0 

0.0 

0 .0 

0 .0 

A9. 

669A. 

91.9 

3 . A62 

o.c 

0.  0 

0.0 

0.0 

0.0 

50, 

3 789. 

88.2 

3.531 

0.0 

0.0 

0.0 

0.0 

0.0 

51  . 

8893. 

9A  .C 

3.621 

0.0 

0.0 

0.0 

0.0 

0.0 

52. 

3997. 

78.8 

3.671 

0.  0 

0.  0 

6.0 

0.0 

C.O 

53  . 

9C96. 

82  . ! 

2.698 

0.0 

0.  U 

0.0 

0.0 

0.  0 

5A  . 

9199. 

80. A 

3 . 758 

0.0 

0.  0 

C.O 

0.0 

0.0 

55. 

9j69. 

86.3 

3.887 

0.0 

0.0 

C.O 

0.0 

0.0 

56. 

9 399. 

8 7.6 

3.918 

0.  0 

0.  0 

0.0 

0 . 0 

0.0 

57. 

9 500. 

9 5.7 

3.978 

0.0 

0.0 

0.0 

0.0 

0.0 

58. 

9601  . 

91.6 

A. 001 

0.0 

0,  0 

0,0 

0.0 

0.0 

59. 

97CA. 

82.8 

A. 037 

0.  0 

0.  0 

0.0 

0.0 

0.0 

60. 

98C0. 

78.9 

A . 103 

0.0 

0.  0 

0.0 

0.0 

0 .0 

note—  calculated  values  of  delta  R have  6EFN  CORRECTED 
TO  THE  ZERO  TEMPERATURE 


A- W H fAII.,UE  St^JSLK  EVAIUATILN  (’RUi,HAM 
(JLL  AlwLi:  IfST  ANL  f I tL  C AIRCRAFT  IN  b TK  UMEU  TA  1 1 u!J 

f INAL  REPORT 
lAHIE  A--'. 

‘-AIlGJt  aENSCR  data 

«INkj-C.AKKY  THRU  I UL  L bLALE  TEST  ( I n--;  t a I 1 eel  at  1A148  Test  Hours) 


initial  ZERC'  READIM 

‘iR 

AL 

SR 

5L 

6R 

6L 

n 

2.6 

2.6 

2.6 

2.6 

ZERO  TEMP  = /s.Z 

C • 0 

o 

• 

o 

0.205 

0.  060 

U.  1 18 

0.2‘ 

LALLULATEC  YALUEb  UF  DELTA  R 


RE  AO 

HOURS 

T EMP 

6R 

6L 

5k 

5L 

6R 

6L 

1 . 

9. 

82.6 

C .0 

c.o 

0.  017 

0.026 

3.  03  7 

0.028 

2. 

36. 

86.2 

0.0 

0.0 

0.0  76 

0.091 

0.  1 08 

0.09  7 

3 . 

55. 

66.9 

c.o 

0.0 

C.  107 

0.  126 

0.  l62 

0.12P 

6, 

99. 

66.7 

0.0 

0.0 

0.  1 86 

0.  212 

0.2  52 

0.221 

s . 

1 6c  . 

69.2 

0 .0 

O.C 

c.  261 

u.  2 85 

0.  366 

0.298 

6 . 

202. 

82.2 

o.c 

c.o 

C.2  75 

0.  302 

0.37.: 

0.319 

1. 

303  . 

90.5 

0.0 

C.C 

C.  381 

0.618 

0.  523 

0.668 

8 . 

606  . 

80.2 

C .0 

0.0 

0.6  76 

0.518 

0.  638 

0.565 

9. 

505  . 

87.2 

o.c 

0.0 

0.698 

0.  561 

0.  687 

0.536 

10. 

609. 

9 1.9 

0.0 

0.  c 

C.  595 

0.  662 

0.  815 

0.6  72 

1 1 . 

/C6. 

88.2 

c.o 

0.0 

0.662 

0.  692 

0.  696 

0.759 

12. 

806  . 

96.0 

C .0 

o.c 

0.  712 

0.  769 

1. 0 06 

0.866 

1 A. 

9 12. 

78.  7 

0.  c 

o.c 

C.  775 

0.  835 

1. 092 

0.917 

1*.  . 

10  11. 

82 . 1 

O.C 

0 . c 

0.802 

0.861 

1.123 

0.968 

15. 

1116. 

80.6 

o.c 

0.  0 

C.  860 

0.  921 

1.215 

1. 025 

16. 

1266. 

86.3 

o.c 

o.c 

C.  966 

1 . 005 

1.323 

1.105 

1 r . 

.116. 

6 7.6 

0.0 

0.0 

0.  960 

1. 022 

1. . 3 66 

1 .160 

18. 

1615. 

95.7 

0.0 

0.0 

1.  013 

1. 076 

1.633 

1.196 

19. 

15  16. 

91 .6 

C.C 

o.c 

1.061 

1.103 

1.661 

1 .220 

20. 

1619. 

82.6 

0 . 0 

0.  c 

1.061 

1.12a 

1. 505 

1.260 

1 . 

1 T 15. 

78.9 

C.C 

0.0 

1.  115 

1.  1 86 

1.568 

1.317 

K-TE—  calculated  values  OE  DELTA  R HAVE  bEEN  CORRECTED 
T J THE  ZERO  TEMPERATURE 
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A-3AR  FATIGUE  SENSE « FVALUATI'N  FkOGkAM 
FULL  scale  test  and  FIELD  AlkCkATT  I N STkU W ENT  A t IJ^ 

final  kt  port 

TARI.K  A-S 

fatigue  SENSCR  DATA 

A-3E  WiNj-CAkky  THRU  FULL  SCALE  TEST  (Installed  at  60A4  Test  Hours) 


initial  /fro  reading 

n 

ZERO  TEH?  = 75. Si 

c.alcul  ateo  val  u=  s of 


3? 

2.  A 

-C.210 
delta  F 


3L 
2.  A 

C.  2fc8 


R F AO 

HD  JPS 

TRMP 

3P 

IL 

1 . 

6. 

7 7.5 

C.  030 

C.023 

2. 

S. 

78.  5 

C.  030 

0.022 

3. 

99. 

76.  3 

C,  2 60 

0, 232 

4 . 

165. 

81.5 

C . 361 

0.316 

5. 

2 02. 

82.4 

C .384 

0.3  38 

6. 

3 03. 

80.2 

0.543 

0.473 

1 . 

40^*. 

84.2 

C .661 

0.579 

8. 

505. 

82.2 

0.697 

0.612 

9. 

608. 

85.4 

0.  802 

0.  707 

10. 

704. 

83.8 

C.871 

0.770 

11. 

8C8. 

85.  2 

C.9  73 

0.862 

12  . 

919. 

82 . 5 

1.054 

0,935 

1 3. 

1 OIC. 

82 . 6 

1 . 074 

0.952 

14. 

1113. 

83. 8 

1.143 

1.016 

15. 

12C9. 

83.9 

1.196 

1.063 

16. 

1313. 

82.3 

1 .2  72 

1.131 

1 7. 

141*,. 

81  .2 

1 . 326 

1.179 

18. 

1515. 

84. 8 

1 . 342 

1.197 

19. 

1 5 70. 

84.  0 

1 . 368 

1 .229 

20, 

1619. 

82, 8 

1 .398 

1.259 

21. 

1715. 

85.  7 

1 .436 

1 . 299 

22. 

1819. 

80.4 

1.490 

1.358 

23  . 

1920. 

83.4 

1,524 

1.396 

24  . 

2021. 

81 . 9 

1 . 53S 

1.412 

25. 

2270. 

84.  3 

1.647 

1 . 538 

26. 

2526. 

81 . 8 

1.717 

1.620 

27. 

2 7 76. 

82.4 

1 .807 

1.717 

28. 

3031  . 

85.  4 

1 .869 

1 . 786 

29. 

3 175. 

81.4 

1.915 

0.0 

30. 

353  7. 

82 . 8 

2.C05 

0.0 

31. 

4042. 

87.  9 

2.137 

O.C 

32. 

4547. 

86.  0 

2 .266 

0.  0 

33. 

5053. 

78.  6 

2.397 

0.0 

34. 

5558. 

76.4 

2.507 

0.0 

35. 

6063, 

7 7.6 

2.611 

0,  0 

36. 

6568. 

86. 4 

2. 707 

0.0 

37. 

7C74. 

88.  2 

2.  792 

0.0 

38. 

7579. 

86.4 

2.886 

O.C 

NOTE—  CALCULATECi  VALUES  Of  DELTA  k HAVE  BEEN  CORRECTED 
TO  THE  ZERO  TEMPfRATURF 


A3 


A-37B  f-A1ir,UE  SfcNSrR  EVALUATION  PROGRAM 
EULL  scale  test  AND  ElELD  AIRCRAFT  INSTRUMENTATION 

FINAL  RE  PORT 

TAKI  K A-S  TContimieiO 

PA  TICUF  SENSOR  DATA 

A-37  Wl\i:.-CARPY  Thru  FULL  SCALE  TEST 
calculated  VALUES  OF  DELTA  R 


R PAD 

HOURS 

TEMP 

3P 

3L 

39  . 

8C85. 

87.5 

2.955 

0.0 

^0. 

8094. 

82.6 

2.942 

0.0 

41. 

8 119. 

86.  2 

2. 944 

0.  0 

42. 

8140. 

86.9 

2.949 

c.o 

43. 

81  E4. 

84. 7 

2.9  56 

o.c 

44. 

8251. 

89.  2 

2.975 

0.  0 

45. 

8287. 

82.3 

2.975 

0.0 

46. 

8388. 

90.  5 

2,995 

0.0 

47. 

8491. 

60.1 

3.025 

0.0 

48. 

8590. 

67.3 

3.021 

C.o 

49. 

8694. 

91.9 

3.052 

0.0 

50. 

8 789. 

68.2 

3.061 

0.0 

51  . 

8893. 

94.  C 

3. 084 

0.0 

52, 

3997, 

78.  8 

3.  1C6 

0.0 

53  . 

9C96. 

82.1 

3.117 

0.0 

54. 

9 199. 

80.4 

3.143 

0.0 

55. 

9369. 

86.  3 

3.186 

0.0 

56  . 

9399. 

87.  6 

3.188 

0.0 

57. 

9500. 

95.  7 

3.2  09 

0.0 

58. 

9601. 

91.6 

3.2  09 

0.  0 

59. 

9 704  . 

82.8 

3.206 

0.0 

60. 

9800. 

78.9 

3.247 

0.0 

NOTE  — 

C ALCULAT 

ED  VALUES  OF 

DELTA 

R HAVE  BEEN  CORRECTED 


TO  the  zero  TEMPERATURE 
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4--<7T  FATIGUE  SENSOP  EVALUAMCE.  PROGRAM 
PULL  SCALP  ■^EST  AND  FIELD  AIRCRAFT  INSTRUMENTATION 

FINAL  REPORT 
TARl.F  A-f> 

FATIGUE  S^NSHR  DATA 

A-S7  ^ING-CAPRY  thru  FULL  SCALE  TEST  (In'Ua!Ic<l  at  AOhA  Tvst  Hours) 


IN  IT lAL  7ERO  PEADI NG  7R  7L 

ZPPD  TF^^o  = 7S.9  -0.263  -0.3E17 

calculated  values  of  delta  P 


READ 

HOURS 

TEMP 

7P 

7L 

1. 

6. 

77.5 

-C. 000 

0.003 

2. 

9 . 

78.5 

-C.0C2 

0.002 

3. 

99. 

76.  3 

C.  096 

0.061 

A. 

165. 

81 . 5 

0.072 

0.  087 

5. 

202  . 

82 . 9 

0.079 

0.091 

6. 

303. 

80.  2 

0.106 

0.  1 30 

7. 

AOA. 

89.  2 

0.  139 

0.  168 

8. 

505. 

82.2 

0.  150 

0.180 

9. 

6C8. 

85,9 

0.  177 

0.212 

10. 

70A. 

83.  8 

0.  199 

0.2  33 

1 1 . 

808. 

85.2 

0.221 

0 . 269 

12. 

919. 

82.  5 

0.296 

0.292 

13. 

1 CIO. 

82.6 

0.251 

0.298 

lA. 

1113. 

83,  8 

0.266 

0. 319 

IS. 

1 209. 

83. 9 

0.  281 

0.335 

16. 

1313. 

82.3 

0.303 

0.362 

17. 

I^IA. 

81.2 

0.315 

0.377 

18. 

1515. 

89.  8 

C . 3 1 8 

0.382 

IP  . 

1 570. 

89.  C 

C.328 

0.390 

20. 

1619. 

82. 8 

0.339 

G.901 

21. 

1 715. 

85.  7 

0.  352 

0.917 

22. 

1819. 

80. 9 

0.377 

0.991 

23. 

1 920. 

83.9 

C.  380 

C.997 

2A. 

2021. 

81.9 

0.  367 

0.  955 

25. 

22  70. 

89.3 

0.927 

0.500 

26. 

2 5 26. 

81.8 

0,951 

0. 527 

27. 

2 776. 

82.9 

0.  983 

0.  560 

28. 

3031  . 

85.9 

0.508 

0.589 

29. 

3 175. 

81.9 

0.523 

0.60Z 

30. 

3537. 

82.  £ 

0.598 

0.651 

31  . 

9082. 

87,  9 

0.595 

0,719 

32. 

9597. 

86.  0 

0.  633 

0,773 

33. 

5053. 

78. 8 

0.671 

0.823 

3A. 

5558. 

76.9 

0.696 

0.862 

35. 

6063. 

77.6 

0.  729 

0.909 

36. 

6568. 

86.9 

C .755 

0.962 

37. 

7 0 79. 

88.2 

C.  779 

1 .005 

38. 

7 579. 

86.  9 

0.819 

1.052 

note—  CAICULATED  VAl  UER  OF  DELTA  R HAVE  BEEN  CORRECTED 
TO  TE'F  7FRP  tfmPEPATUPE 
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^4TIGUE  EV4LUATKN  PROGRAM 

>‘.)LL  Ri  M and  FIFLr>  AIRCRAFT  I NS  T RJ  M F’^T  & T I ON 

FINAl  REPORT 

TABTf'  A-A  (Continued) 

■^A  TIG' IF  S=NSOP  data 

A-  W -rfiNIG-CAORY  thru  FULl  SC  A L TFST 
fAICIIlATCO  values  or  HELTA  R 


p E AO 

H UJR*' 

tE  MP 

7L 

8085. 

87.  5 

0. 8AA 

1 .090 

•^0. 

809A. 

82.  6 

0. 83A 

1 .08A 

1 . 

811D. 

8^  . 2 

0.  83A 

1.083 

<.2. 

31  AC. 

86 . 9 

0.838 

1 . 088 

AO. 

8 1 8A. 

8A.  7 

0.8A5 

1 .098 

AA. 

8251. 

89.2 

C.8A8 

1.  ICl 

AS. 

8287. 

82.3 

C.  8A5 

1.101 

A6. 

8388. 

°0.  5 

0.850 

1.109 

A7. 

8A91. 

80.  1 

0.  857 

1.121 

A8. 

8590. 

87.3 

0.856 

1.118 

AD. 

869A. 

91.9 

C.862 

1.131 

50. 

8789. 

88.2 

C.36A 

1.139 

51. 

8893. 

9A.  0 

C.868 

1 . lAl 

52. 

8997. 

78.  8 

C.  871 

1 . 1A7 

53. 

9096. 

82.1 

0.  878 

1.158 

5A. 

9199. 

80.  A 

0.880 

1 . 162 

55. 

9369. 

86. 3 

C.  887 

1.17A 

56. 

9399. 

87.  6 

0.  889 

1.177 

57. 

9500. 

95.  7 

0.  89A 

1 . 188 

58. 

9601  . 

91.6 

G.888 

1.183 

59. 

970A. 

82.8 

0.  871 

1.170 

60. 

9800. 

78.9 

0.899 

1 .200 

NT^E--  CALCULATFD  VALUES  OF  DELTA  R HAVE  BEEN  CORRECTED 
TO  the  ^TRO  temperature 
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A-37P  7ATIGUE  SfNSOP  fVALUATION  PROGRAM 
FULL  scalp  TtST  AND  MELD  AIRCRAFT  I N S TP  UM  N T A T I ON 

FINAL  RFPORT 
I'ABi  V 

FATIGUE  SENSCR  DATA 

A-37  WING-CAPRY  THRU  FULL  SCALE  TFST  HnstalU-d  at  23470  Test  Hours) 


INITIAL  ZERO  READING  HR  8L 

__ 

ZERO  TEMP  = 67.3  -0.031  0.325 

CALfULATEP  VALUES  OF  DELTA  R 


read 

HOURS 

’EMP 

8R 

8L 

1 . 

26. 

72.8 

C.  1 18 

0.128 

2. 

64. 

83.2 

C .209 

0.221 

3. 

107. 

84.8 

C.272 

0.282 

4. 

146. 

84.3 

C.  3 76 

0.385 

5. 

20  1. 

83.  3 

C .459 

0.469 

b. 

2 76. 

83.1 

C.‘.91 

0.  500 

7 . 

342. 

85.8 

0.638 

0.6C8 

8. 

406  . 

87.6 

C.957 

0.  726 

0. 

4 73. 

83.8 

C.O 

0.774 

10. 

6 76. 

69.0 

C.O 

1 . 029 

11. 

776. 

85.9 

C.O 

1.060 

12. 

878. 

92.7 

0.0 

1.175 

13. 

9 73  . 

87.5 

C.O 

1.243 

14. 

1 076. 

58.6 

0.0 

1.336 

15. 

1176. 

90.0 

C.O 

1 .4  38 

16. 

1276. 

95.2 

C.O 

1 .446 

NOTE—  CALCULATED  VALUES  Of  DELTA  R HAVF  BEFN  CORRFCTEO 
TO  THE  ZERO  TFMPFRATURE 


■n 
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WR.i  ' < L.  U — •S  .W 


fatigue  SF  NSr.R  tVALUAFlLN  PK'OCRAV 
FULL  SfAL'=  Tp5,T  AND  FIELU  AIFCRaT-T  ! NS  TPU  MENT  A T I GN 

final  re  port 

TABl.F.  A-8 

,ip-ratiinal  aircraft  tati&ue  sensor  data 

A-37  »<IN^  station  S5.16  FWD  LOWER  SPAR 

A/C  ■'All  NO.  initial  hours  INST.  DATE  TEMP  REF. 

69-6Tft  1137. 8 l-lA-73  82.0 

BASE  LOCATICN  IS  GPISSCM  MULT  = 2.5  GAGE  FACTOR  =9.32 

CALCULATED  VALUES  OF  DELTA  R 


read 

DATE 

TEMP 

HOURS 

L H 

RH 

1- 14- 73 

82  .C 

C .0 

-0.528 

-0. 1 70 

1 . 

2- 24- 73 

7C.C 

45,  1 

0.028 

0,0 

2 . 

2- 12-73 

fc  1 .5 

54.7 

0 .0  16 

0.0 

3. 

2-23-  73 

67. C 

69,2 

0.026 

0.0 

4 . 

3-C9- 73 

73  .C 

84.4 

0.028 

0.018 

5. 

4-C  9-  73 

60. C 

130,2 

0.044 

0.031 

h . 

6-22-73 

102.2 

227.4 

0.070 

0.0 

7. 

9-28-73 

78. C 

3?3,  1 

0.115 

0,096 

8. 

1-11-74 

4 9.C 

489.2 

0.131 

0.111 

9. 

4-C9-  74 

6 7.C 

594.2 

0.152 

0.132 

10: 

9-  11-74 

90.2 

716.0 

0.  196 

0.174 

11. 

1-2  7-75 

2b. C 

763.  2 

0.138 

0,0 

12. 

5-12-75 

62.0 

859.1 

0. 196 

0.174 

13. 

8-14-  75 

75. C 

925.1 

0,  188 

0,0 

NOTP --C  ALCUl  ATED  VALUES  OF  DELTA  P HAVE  BEEN  CORRECTED 
T 1 The  zero  TFMPF RATUPE 


ACFT  OPIGtNAlLY  BASED  AT  ENGLAND  AFB.  TRANSFERRED  AUGUST  1974 
LH  SEN'OR  WlPlN-j  01  SCCNNECTEO  , REPAIRED  FOR  3-9-7  3RE  AD  ING 
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tiv*. 


A-37B  FATIOUE  SENSOR  EVALUATJCN  PRDGRA'^ 

FULL  scale  test  AND  FIELD  AIRCRAFT  INSTRUMENTATION 

FINAL  REPORT 
TABLE  A-9 

3PERAFIQNAL  AIRCRAFT  FATIGUE  SfnSOR  DATA 
A-37  VING  STATION  55.16  FWD  LOWER  SPAR 

A/C  TAIL  NO.  INITIAL  HOURS  INST.  DATE  TEMP  PEF. 

6<?-6367  1C94.9  1-14-73  82.9 

BASE  LOCATinN  IS  GRISSOM  MULT  = 2.5  GAGE  FACTOR  =9.82 

CALCULATED  VALUES  OF  DELTA  R 


READ 

date 

TEMP 

HOURS 

LH 

RH 

0. 

1-14-73 

82  .9 

0.0 

-0.395 

0.093 

1. 

2-04-73 

69.5 

33,5 

0,023 

0,028 

2 . 

2-12-73 

66  .C 

41.4 

0.021 

0.017 

3. 

2-2  3-  73 

65.0 

51,7 

0.029 

0.031 

4. 

OU 

1 

o 

0 

1 

74.0 

78.5 

0.033 

0.019 

5. 

4-  C9-  7 3 

66. C 

105,  3 

0.0  37 

0.027 

6 . 

6-22-73 

86  .C 

205.0 

0.0  36 

0.043 

7. 

9- 28- 73 

82.0 

319,6 

0,070 

0,0  59 

3. 

1-11-74 

48  .0 

384.1 

0.076 

0.0  66 

9. 

4-C9-74 

68.0 

464,  7 

0.  105 

0.097 

10. 

9-  1 1-  74 

74.0 

567.3 

0.133 

0.125 

II. 

1-27-75 

28.0 

674,1 

0. 1 32 

0,  134 

12. 

5-12-75 

62  .0 

683.5 

0.129 

0. 137 

13. 

3-14- 75 

75.0 

818.5 

0,123 

0,0 

NOTE  — t ALCULATED  VALUES  OF  DELTA  R HAVE  BEEN  CORRECTED 
T.)  the  ZERO  TEMPERATURE 

ACFT  IRIGINALLY  BASED  AT  ENGLAND  AFB,  TRANSFERRED  AUGUST  1974 
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Wti  FATlGue  St  NSOR  EVALUATICN  program 
'till  Sf\L'^  TEST  AND  FIFID  AIRCRAFT  INSTRUMENTATION 

F I NA  L RF  pas'" 

TARI.F.  A- 10 

F AT  I )>lAt  AIR';faf'  FATIoUt  SF^NSOR  DATA 
A-F7  station  FS.16  FwD  LCrt<=R  SPAR 

\/'  MIL  NO.  INITIAl  hOUFS  INST.  DATE  ^'MP  REF. 

iOCl.6  1-13-73  80.1 

•ASE  LfvA'K^N  IS  YOUNL.STGV.N  MUL'f  = 2.5  GAGE  FACtJR  =9.32 

CALCJLATEO  VALUES  OF  DELTA  K 


OLAO 

DA  TE 

TEMP 

UPJFS 

LH 

RH 

u. 

1-13-73 

BG.  1 

0.  3 

-3,253 

- O.hUB 

1 . 

2-04-73 

72 .0 

29.9 

0.022 

0,038 

2. 

2- 1 3-  73 

55. C 

39,  4 

^,017 

0.3  32 

3. 

2-23-  73 

67  .C 

41.4 

C .028 

0.041 

A. 

3-09-73 

72. C 

65,7 

J,  019 

0.036 

R . 

4-CS-73 

63  .0 

10  5.4 

0.023 

0,048 

6 . 

S-  2 2- 

90, C 

189,  3 

0 

3.064 

r. 

■-•-28-  73 

78  .0 

300.5 

G .0 

0. 107 

o 

• ’ • 

1-11-74 

6 4.C 

372-4 

0.0 

j.  1 30 

• t ^ 

- ' ■-)-  74 

6 8 .C 

459.4 

0,0 

0.145 

1C  . 

N-  1 7-  74 

70. C 

597,  1 

0,0 

0, 1 77 

n. 

1-27-75 

76  .0 

716.4 

0.0 

0. 1B7 

12. 

5-13- 75 

55.0 

750.6 

0,0 

3,181 

13. 

8-  1 3-  75 

7^  .0 

835.4 

C .0 

0.187 

NOTf 

--CALCULATED  VALUES  OF  ^ 
TO  THF  ZFRf'  TFMPFPAl" 

ELTA  R have  been  COPREC'ED 

AC  F ’• 
LU  S 

iriginally  based  at 

=NS3R  damaged  by  ECP 

ENGLAND  AFB,  TRANSFERRED  AUGUST  1974 
171  MOD  ACTIVITY,  REPLACED  9-17-74 
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A-37B  FATIGUE  SENSE R EVALUATICN  PPCGRAM 
PULL  SCALE  TEST  AND  FIELD  AIRCRAFT  INSTRUMENTATION 

OPERATIONAL  AIRCRAFT  FATIGUE  SENSOR  DATA 
A-37  WING  STATION  55,16  FWD  L GWF R SPAR 

A/C  tail  NO.  INITIAL  HOURS  INST.  DATE  TEMP  REF. 

69-6366  1658.7  9-17-7A  82.0 

BASE  LOCATION  IS  YOUNGSTCwN  MULT  = 2,5  GAGE  FACTOR  =9.B2 

CALCULATED  VALUES  OF  DELTA  R 


READ 

□ ATE 

TEMP 

HOURS 

LH 

RH 

0, 

9-  1 7-  74 

82,0 

0,0 

3.240 

0,0 

1. 

1-27-75 

76,0 

119.3 

0.031 

0.0 

2. 

5-13-75 

55. C 

153,8 

0,037 

0,0 

•7 

^ « 

8-13-75 

75  .0 

238.3 

0.053 

0.0 

NOTE —CALCULATED  VALUES  OF  DELTA  R HAVE  BEEN  CORRECTED 
TO  THF  ZERO  TEMPERATURE 
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fATIGUB  S'^NSl  R FVAUJATICN  PRGGRA-l 
^MLL  S(^^L  TEST  ANP  FiEin  AIECRAFT  INSTRUMENTATION 

Fli.^L  RFf’CRT 

TABl.K  A-12 

'P-RATJj'jal  aircraft  fatigue  sensor  data 
A-T7  WING  STATION  E5,16  FWP  LOWER  SPAR 

A/C  tail  no.  initial  hours  INST.  DATE  TEMP  REF. 

59-6369  1075.  6 L-lA-7  3 7tt  ,A 

RASE  location  is  GRISSCM  MUL""  = 2.5  GAGE  FACTOR  =9.82 

CALCULATED  VALUES  OF  DELTA  R 


READ 

date 

TEMP 

HOURS 

L H 

RH 

« 

1-1  A- 73 

78.  A 

0.0 

-0. A61 

-0. A9A 

1 . 

2-DA- 73 

7A.C 

2A.2 

0.028 

0.022 

2. 

2-  12-73 

56, C 

3 D.  8 

0.029 

C.  020 

3. 

2-23-73 

62  ,C 

A5.  A 

0.033 

0.016 

A, 

S-'Tg-  73 

70. C 

62,0 

3. 0 39 

0. 02A 

5. 

A- 09- 73 

62  .C 

102.1 

0. 0A9 

0.0 

6, 

6-22-73 

101.8 

20  8.  7 

0.0  72 

0.0  50 

r . 

0-2  a-  73 

78.0 

3A6. 3 

0.107 

0.08A 

8. 

1-  1 1-7A 

A9.C 

AA9.  A 

0.129 

0.098 

9 . 

A- 09- 7 A 

67  .C 

523.3 

0.  1A2 

0.  119 

I''. 

9-  1 6-  7A 

83.2 

6A  7,6 

0,  162 

0.  136 

11. 

5-12- 75 

62.0 

728.2 

0.156 

0.131 

12. 

3-1A-75 

75.0 

3AA.2 

0.  160 

0, 13A 

NOTt--CALCUL ATED  VALUES  OF  DELTA  R HAVE  BEEN  CORRECTED 
TO  the  zero  TEMFLRATUPE 


ACFT  IRIGINALLY  based  at  ENGLAND  AFB,  tpanSFERRFO  AUGUST  197-V 
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Ti 


FATIGUF  SENSCR  eVALUflCN  PRCGRA'1 
f IILL  SCM5  TEST  AND  FIELD  AIRCRAFT  I NS  T P J M'NT  A T J ON 

F I NA  L RE  PnpT 
TARI.F.  A-n 

OPERATIJmal  AIRCRAFT  FATIGUE  SENSOR  DATA 
A-37  wINIG  STATION  55.16  FwD  L R SPAR 


A /C 

TAIL  NO. 

INITIAL 

HOURS  INST,  DATE 

TEMP 

REF  . 

69-637C 

1047. 

2 1- 

14-73 

77 

.5 

BA  SE 

LOCATION  IS 

HANCOCK 

MULT  = 

0.0  GAGE  EACTOR 

= 0.0 

CALCULATED  VALUE 

S OF  1 

READ 

DATE 

TEMP 

HOURS 

LH 

RH 

• 

1-14-73 

77.5 

0.0 

-0. 320 

0.164 

1 . 

2-04-73 

74.5 

20.6 

0.005 

0.014 

2. 

2-12-  73 

55.5 

23.  5 

0.004 

0.001 

3. 

2-23-73 

70.0 

34.6 

0.012 

0.014 

4, 

3-C9-73 

69.0 

50.  5 

0.010 

0.010 

5 . 

4-09-73 

65.0 

80.5 

0.011 

0.019 

6. 

6-22- 73 

93.4 

64.  8 

0.018 

0.0 

7. 

9-2  8-  73 

77.9 

223.6 

0.061 

0.0 

8. 

1-11-74 

49.0 

323.8 

0.075 

0.0 

9 . 

4-09-  74 

80.0 

396.7 

0 . 103 

0.0 

10. 

8-2  6-  74 

85.6 

460.2 

0. 1 19 

0.0 

1 1 . 

5-14-75 

62  .0 

460.2 

0.136 

0.0 

12, 

8-20-75 

68,0 

668.7 

0.  128 

0.0 

NQTc 

— CALCULATED 

VALUES 

OF  DELTA  R HAVE  BEEN 

CORRECTED 

TO  the  zero  temperature 

ACFT  ORIGINALLY  BASED  AT  ENC.LAND  AFB,  TRANSFERRED  AUGUST  1974 
RH  Sensor  Wiring  Disconnected 
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L. 


A-Wfi  FATIGUE  SENSOR  FVALUATICN  PROoRA^ 

FUIL  scale  test  and  EIEIU  AIRCRAFT  INS  T RU  M'ENT  A^"  I ON 

I I NAL  RE  PORT 
TABIK  A-14 

TPERAtionAL  aircraft  fatigue  sensor  data 

A-37  «!NS  STATION  FwD  LOWER  SPAR 


A/C 

TAIL  NO, 

INITIAL  HGJRT. 

iriST,  DATE  temp 

REF, 

69-6371 

1C77. 7 

1- 

14-73  31 

.0 

BA  SE 

LOCATION  IS 

MARYLAND 

MULT  = 

2.5  GAGE  FACTOR 

= 9.82 

CALCJLAT.ED  VALUES  OF 

READ 

DATE 

TEMP 

HOURR 

L H 

RH 

0. 

1 -1  4-73 

81.0 

0.0 

-0.069  - 

0.105 

1 . 

2-  04-  73 

73.5 

33.5 

0.0  13 

0.018 

O 

c,  • 

2-12- 73 

67  ,C 

39.  6 

0.007 

0.0  06 

3. 

2-2  3-  73 

6 4.0 

45.8 

0.009 

0.0  17 

4. 

3-09-  73 

72. C 

62.9 

0.019 

0.0  09 

5. 

4-C9-  73 

6 7.C 

90.6 

3 .0  lo 

C.OlO 

6. 

6-22-73 

8t  .C 

90.  6 

0 .025 

0.014 

7. 

9-28-73 

78  .C 

2C9.6 

0.C59 

0.034 

8. 

1-11-74 

65.0 

328.3 

0.  097 

0.  115 

9. 

4-09-74 

68.0 

399.6 

0.098 

0.0 

10. 

8-2  7-  74 

78.9 

537.1 

0.  148 

0.0 

11. 

9-19-74 

74  .C 

544.9 

0.143 

0.0 

12, 

1-28-76 

to.c 

586.  1 

0.  1 53 

0.0 

13. 

5-14-  75 

82.0 

640.5 

0.161 

0.0 

14, 

8-19-  75 

81.0 

685.9 

0.  167 

0.0 

NQTc— CALCULATED  VALUES  OF  DELTA  R HAVE  BEEN  CORRECTED 
TO  the  7FRO  TEMPERATURE 

ACFT  ORIGINALLY  BASED  AT  ENGLAND  AFB.  TRANSFERRED  AUGUST  1974 
RH  SENSOR  WIRING  DAMAGED  - REPLACED  9-19-74 


DELTA  R 
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A-^7B  FATIGUE  SENSOR  EVALUATION  PPCGRA'^ 

PULL  SCALE  TEST  AND  FIELD  AIRCRAFT  I ‘MS  TRU  MENT  AT  I (1N 

F I NAL  REPORT 
TARLF.  A- 15 

operational  AIRCRAFT  FATIGUE  SENSOR  DATA 
A-37  ^ING  STATION  55.16  FWD  LOWER  SPAR 


A/C  TAIL  NO. 

INITIAL  HOURS 

INST.  DATE 

TEMP 

REF  . 

69-637  1 

1622, 6 

9-19-74 

74 

. ) 

BASF  LOCATION  IS 

MAR YL  AND 

MULT  = 2.5  GAGE 

factor 

= 9.  62 

CALCULATED  VALUE 

S OF  1 

RFAO  DATE 

TF  MP 

HOURS 

LH 

RH 

0.  9-19-74 

74  ,C 

0.0 

0.0 

C.COi 

1.  1-Z6-75 

60.  C 

41.2 

0.  c 

0.014 

2.  5-14-75 

82.0 

95.6 

0.0 

0.035 

3.  3-19-75 

81. C 

141.0 

0.0 

0.059 

NOTE —calculated  VALUES  OF  DELTA  R HAVE  BEEN  CORRECTED 
TO  the  ZERO  temperature 


4-3^4  'FATIGUE  SEMSfrt  EVALUATICN  PPUGRA'3 
FULL  GCALF  test  and  FIFID  AIKCRAft  INSTRUMENTATION 

f I NA  L Ft  PORT 
TARI.F.  A-]R 

OPERA' IONAl  AIRCRAFT  FATIGUE  SENSOR  DATA 
A-37  NING  STATION  55,16  f RD  LL^WFR  SPAR 

A/C  tail  no.  INITIAL  HDUF S INST.  DA^ E TEMP  REE. 

69-6  3(36  8C0.  0 1-28-73  75.3 

BASF  LOCATION  IS  MARYLAND  mjlT  = 2.5  GAGE  FACTOR  =9.82 

CALCJLATED  VALUES  OF  DELTA  R 


F- AD 

DATE 

TEMP 

HOURS 

LH 

RH 

0. 

1-28-73 

75.3 

0,0 

-0,346 

-0.609 

1 . 

3-30-73 

55.6 

26.8 

0.004 

0.007 

2, 

6-2  8-  73 

81  .C 

81,6 

0.023 

0.003 

3. 

9-C7-73 

91  .C 

181.6 

0.023 

0.0 

A. 

1-22-7A 

43  .: 

251.6 

0,018 

0.0 

5. 

9-  1 9- 7A 

7C.0 

462.3 

0.0 

0.072 

6. 

3-1  9- 75 

8 1 .C 

563.3 

0.0 

0.103 

NOTE  — C ALCUL ATED  VALUES  OF  DELTA  R HAVE  B"EN  CORRECTED 
TO  The  ZERO  TEMPERATURE 

RH  SFNSOR  WIRING  DAMAGED  BY  ECP  171  MOD  ACTIVITY 
RH  SENSOR  reconnected  9-19-7A 

LH  SE'ISOR  RFSPONCE  LOW,  REPLACED  9-19-7^ 


^-i7a  FATIGUE  SENSOR  EVALUATION  PROGRAM 
FULL  SLAlE  TFST  ANU  FIELD  AIRCRAFT  I NS  T R J ,'i  EN  T A""  1 ON 

FINAL  REPORT 

TABLE  A- 17 

opfrational  aircfaft  fatigui  Sensor  data 

A-37  WING  STATIor,  E>S.16  FWD  LOWFR  SPAR 

A/C  tail  no.  INITIAL  HOURS  INST.  Q/\'C  rcfy,p  ^zf;, 

69-6386  1262.  3 * 9-19  -7'+  70.0 

BASF  LOCATION  IS  MAPVLAND  Mult  = 2.3  i+aGF  FACtqR  =9.82 

CALCULATED  VALUES  OF  DEL'"A  R 


READ 

DA  -^E 

Tr  MP 

HOURS 

L H 

RH 

0. 

9-19-79 

70.0 

0.0 

-0.059 

0.0 

I. 

8-19-75 

81. C 

O 

o 

-0.031 

0.0 

NOTE —CALCULATED  VALUES  OF  CEiTA  R HAVE  BEEN  CORRECTED 
T 1 the  zero  TEMPI  RATUPE 


A-3?B  FATIGUE  SPNSrP  EVALUATICN  PPLGPAM 
FULL  SCALE  TPST  AMP  FIELD  AIFCRAFT  I U S T P'J  M T A^  I H N 

f 1 NA  L kE  PORT 
TABLE  A-18 

QPEPA’’I  .nAl  AIRCRAFT  FATIGUE  ‘^CNSliP  DATA 
A-37  -VI'VG  station  E5.  16  FWD  LC»JFR  SPAR 


A/C  TLIL  NO.  INITIAL  HOURS  INST.  OA-^F  TEMP  REF. 


69-6336 

6C0.  5 

1- 

28-73 

68.9 

BA  SE 

LOCATION  IS 

MARYLAND 

MU  L T = 

2.5  GAGE  FACTOR  =9.82 
CALCULATED  VALUES  OF  1 

R =AD 

DATE 

TFwp 

HOURS 

L H 

RH 

3. 

1-28-  73 

68,9 

0,0 

-0. 579 

-0.829 

1 . 

3- 30- 73 

97.5 

7 1.2 

0.033 

-0.857 

2, 

b~Zd-  73 

81,2 

168,  1 

0,026 

0.3 

3. 

9-07-  73 

8C.G 

26  7.7 

0.03C 

0.0 

A. 

1-22-79 

53, C 

355,6 

0.070 

0,0 

5. 

5-07-79 

75.0 

987.1 

0.  Ill 

0.0 

6, 

9-  1 8-  79 

72.0 

556.3 

0,  123 

0,0 

7. 

1-23-75 

90  .C 

685.5 

0.156 

0.0 

8. 

5-19-75 

82,0 

30b,  1 

0,  180 

0,0 

9 . 

8-19-75 

81  .C 

912.2 

0.208 

0.0 

NOTE— CALCULATED  VALUES  OF  DELTA  R HAVE  BEEN  CORRECTED 
TO  THP  ZERO  TEMPERATURE 

RH  SENSOR  DEFECTIVE,  REPLACED  5-17-7A 


78 


A-37d  FATIGUE  SENSfR  EVALUATUN  PRQGRA'1 
PULI  scale  ""EST  and  FIEID  AlFCRAFi  INSTRUMENTATION 

PINAL  REPORT 
TABLE  A-I9 

OPPRA'IG'JAl  AIRCRAFT  FATIGUE  SENSOR  DATA 
A-37  WINS  STATION  55.16  fwD  LOWER  SPAR 


A/C 

TAR  NO. 

initial  hours 

INST.  DA’  E 

TEMP 

REE. 

69-6 

3 3P 

1087.6 

5-17-79 

75 

.0 

BA  SE 

LOCATION  IS 

MAOYL  AND 

MULT  = 2,5  GAGE 

factor 

= 9.82 

CALCJL  ATE 

D VALUES  OF 

READ 

GATE 

TF  MP 

HOURS 

LH 

RH 

> 

• 

5-C7-79 

75. C 

0.0  0 

. 0 

0.319 

1 . 

9-  1 P-  79 

72  .C 

69.2  0 

.0 

0.021 

2. 

1-23-75 

90.0 

199.0  0 

.0 

0.057 

3. 

5-19-75 

82  .C 

319.0  0 

.0 

0.081 

9. 

8-19-75 

81.0 

925.1  J 

. 0 

0.  116 

note— r ALCULATED  values  of  delta  P HAVE  BEEN  CORRECTED 

TO  thf  zero  temperature 


79 


c/iTloUE  Sf-NSOR  FVAUJATICK  PROGRA'^ 

'^ULl.  SC^L=  test  and  FIEIO  aircraft  INSTRUM  :NT  at  ion 

FINAL  REPORT 
TABU-  A-20 

ipt^RATIOgAL  AIRCRAFT  FATIGUE  SENSOR  DATA 
A -3  7 ^MNS  STATION  35.16  FwD  I GvJC  R Sf’AR 

A/C  TAIL  NO.  INITIAL  HOURS  INST.  DATE  TEMP  RPF . 

69-6335  796.7  1-28-73  83.6 

BASE  LOCATION  IS  MARYLAND  MULT  = 2.5  GAGE  FACTOR  =9.82 

CALCULATED  VALUES  OF  DELTA  R 


READ 

DATE 

TEMP 

HOURS 

LH 

RH 

0. 

1-28- 73 

83 .6 

0.0 

-0.569 

-0.728 

1 . 

3-  30-  73 

97. C 

92.8 

0.015 

0.031 

2 . 

6-28-73 

77.5 

199.2 

0.022 

0.036 

3, 

9-C7-73 

83  .r 

209,6 

O.C 

0,053 

9 . 

1-22- 79 

93.  C 

289.7 

0.0 

0.073 

5. 

9-29-  79 

79. C 

380,5 

0.019 

0.  037 

6. 

9-2C- 79 

79.0 

557.1 

0 0 

0.099 

7. 

1-2  3-75 

90.: 

667,2 

0,0 

0.120 

8. 

5-19-75 

82  .C 

791.6 

0.0 

0.126 

9, 

3-  1 9-  75 

81.0 

829,3 

0,0 

0.197 

NOTC--CAL CUL ATEO  VALUES  OF  DELTA  R HAVE  BEEN  CORRECTED 
T T THE  ZERO  TEMPE  RATIJPE 


LH  S>=NSOR  WIRING  DAMAGED  BY  ECP  171  MOD  ACTIVITY, 
RECONMECTED  9-29-79  BUT  FOUND  TO  BE  UNSTABLE, 

LH  SENSORREPL ACED  9-20-79 
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A-3  FATIGUE  SENSOR  EvALUAriCN  PPUORA‘-i 
FULL  SC-iLE  TEST  ANP  EIELP  AIPCRAF’'  I N S TRU  MENT  A FI  ON 

FINAL  REPORT 
TABLE  A- 21 

OP==R  AT  iCiM  At  AIRCRAFT  FATIGUE  SFNSfiR  OATA 
A-3T  -JING  station  EE. 16  FWD  LOWER  SPAR 


A/C 

tail  no. 

initial  HOURS 

INST 

• OA 

= TE  3 P 

K-F  . 

69-63SS 

1353. 8 

9- 

20-  1^ 

79.0 

BA  SE 

LOCATION  IS 

MARYLAND  MU 

LT  = 2 

.5  GAGE  FACTjR 

= 9.82 

calculated  VALUES  DF  DELTA  R 

READ 

3ATE 

TEMP 

HOURS 

LH 

RH 

0. 

9-20- 7A 

79  .C 

0.0 

0.280 

0.0 

I. 

1-28-75 

40. C 

110.1 

0,042 

0.0 

2. 

5-14- 75 

82  .0 

184.5 

D.0b3 

0.0 

3. 

8-  1 9-  75 

81, r 

272.2 

0,  ni 

0,0 

NOTE 

— CALCULATED 

VALUES  OF  DELTA 

P HAVE 

BEEN 

CURRECTED 

TO  the  zero  TEMPERATURE 
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WH  FATI„,UE  SfNSCR  EVALUATICN  PROGRAM 
F'JLl  SCAL'^  TPS'"  and  PIEID  AIRCRAFT  INSTRUMENTATION 

FINAL  REPORT 

TABI.F.  A-22 

0P2P.ATI)4AI  AIOS'^AFT  FATIGUE  SENSOR  DATA 
A-3F  -JlNG  STATION  55.16  FOnO  LOW^R  SPAR 

A/C  TUL  NO.  INITIAL  HOURS  INST.  DATE  TEMP  REF. 

69-6393  638.1  1-28-73  77.2 

BASE  LOCATION  IS  MARYLAND  MULT  = 2.5  GAGE  FACTOR  =9,82 

calculated  VALUES  3F  DELTA  R 


REA'’’ 

DATE 

TEMP 

HOURS 

LH 

RH 

0. 

1-28-  73 

77.2 

0.0 

-0.A63  - 

0.533 

1, 

3-30-73 

5 A . 2 

58,  2 

0.02A 

0.0A3 

2. 

6-28-73 

76.  A 

161.7 

0.055 

0.053 

3, 

9-37-73 

63. C 

260,2 

0.0 

0.090 

A . 

1-22- 7A 

62  .C 

36C.  5 

0.0 

0.119 

5, 

9-2  7A 

CD 

« 

o 

667,  1 

0.159 

0.159 

7. 

1-28-75 

AO  .C 

76 A . A 

0.  176 

0.178 

3 , 

5-  1 A-  75 

82, C 

676,  1 

0,  327 

0.190 

9. 

8-  1 9-  75 

81.0 

962.7 

0 . 202 

0. 190 

NOT' 

— CALCUIATED  VALUES  OF  DELTA 
TO  the  zero  TEMFfRATuRE 

1 R HAVE 

BEEN  corrected 

LH  SENSOR  WIRING 

DAMAGED  BY 

ECP 

171  MOO 

activity, 

OPCONNECTPO  9-20-7A 
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i-37B  FATIGUE  SFNSOR  EVALUATICTJ  PROGRAM 
FULL  scale  test  AND  FIELD  AIRCRAFT  INSTRUMENTATION 

FINAL  REPOR-r 
TABLE  A-2T 

OPERATIONAL  AIRCRAFT  FATIGUE  TENSOR  DATA 
A-37  NING  STATION  55.16  FwD  LCWER  SPAR 


A/C 

■EAIL  NO. 

INITIAl  HOUPE 

INST.  DATE  temp 

REF  . 

69-6397 

600.  5 

1 

-28-73  69 

1.2 

PA  SE 

LOCATION  IS 

MARYLAND 

MU  L T = 

2.5  GAGE  FAC’OR 

= 9.  82 

CALCULATED  VALUES  OF 

read 

DATE 

TEMP 

HOURS 

LH 

RH 

C. 

L-28-73 

69.2 

0.0 

-0.402 

0.0  30 

1. 

3-3D-73 

4 7.6 

81.5 

0.047 

0.020 

2. 

6- 28- 73 

84.2 

163.6 

0.047 

0.014 

3. 

9-C7-  73 

83.0 

201.3 

0.0 

0.076 

H • 

1-22-74 

43  .0 

332.0 

0.0 

0,097 

5. 

9-2C-  74 

74.0 

56  4.3 

0.0 

0.169 

6. 

1-28-75 

40. C 

691.3 

O.C 

0.  194 

7. 

5-14-  75 

82.0 

795.8 

0.0 

0.206 

8. 

8-19-75 

81  .C 

879.6 

C .0 

0.234 

NOTE —calculated  VALUES  OF  DELTA  R HAVE  BEEN  CORRECTED 
TO  THE  ZERO  TEMPERATURE 

LH  sensor  damaged  PY  ECP  171  MOJ  ACTIVITY,  REPLACED  9-20-7A 


ELTA  R 
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ASL)-'rP-76- 

A-37B  PATIGU-  SfNSfK  FVALUATICN  PROGPA'1 
^ULL  SCAL[^  TFST  and  FIELD  AIRCRAFT  INSTRUMENTATION 

FINAL  REPORT 
TABLE  A- 2 4 

JP^RATIONAL  AIRCRAFT  FATIGIJF  SENSOR  DATA 
A-37  WIN.;  STATION  F5.16  Wu  LOWER  SPAR 

A/C  mi-  NO.  INITIAL  HOURS  INST,  DAI  F t£mp  rcf. 

6P-6T97  1164. d 9-23-74  74.3 

3ASF  LOCATION  IS  'MARYLAND  MULT  = 2.5  GAGE  FACTOR  =9,32 

CALCULATED  VALUES  OF  DELTA  R 


P F A'' 

DATE 

TEMP 

HOURS 

LH 

RH 

0, 

9-20-74 

74.  C 

0.0 

0.372 

0,  0 

1. 

1-2  8-75 

40. C 

12  7.0 

3 . 039 

0.0 

2. 

5-  1 4-  75 

82. C 

231.5 

0.076 

3.0 

3. 

8-  1 9- 75 

81.0 

315.3 

0.098 

0.0 

NOTP —CALCULATED  VALUES  OR  DELTA  R HAVE  BEEN  CORRECTED 
TD  the  ZfRO  TEMPERATURE 
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A-37B  FATIGbi:  SENSfR  EVALUAtun  PROGRAM 
FULL  SCALE  TEST  AMP  FIELD  AIRCRAFT  I N S TRU  M<^N  T AT  I DN 

FINAL  PEPCRT 
' TABLE  A-25 

DPERATITNAL  AIRCRAFT  FATIGUE  SENSOR  PATA 
A-37  •■IING  STATION  55.16  FWD  LOWER  SPAR 

A/C  tail  no.  INITIAL  HOURS  INST.  DATE  T£;AP  REF. 

70-1288  A56.8  1-12-73  47.9 

9ASE  LOCATION  IS  BAPKSCALE  R'JLT  = 2.5  GAGE  FACTOR  =9.82 

calculated  values  of  delta  R 


READ 

date 

TRMP 

HOURS 

LH 

RH 

0. 

1-  12-73 

47.9 

0.0 

0 .084 

0.800 

1. 

2-  03-73 

68. C 

28,7 

0.003 

0.001 

2. 

2-2  5-  73 

65  .0 

70.4 

0.012 

0.009 

3, 

3-10-73 

74.0 

81.8 

0.038 

0.  012 

4. 

4-07-73 

70.0 

133.2 

0.025 

0.020 

5. 

4-2  8-73 

86, L 

145,  3 

0,027 

0.023 

6. 

6-21- 73 

95.4 

229.2 

0.028 

0.027 

7, 

9-2  7-73 

95.1 

326.  5 

0.  042 

0,046 

8 . 

1-10-74 

45.0 

411.2 

0.049 

0.050 

9. 

4-l'T-74 

67. C 

53  3.2 

0.051 

0,057 

10. 

8-2  7-74 

87.4 

687.1 

0.060 

0.066 

11. 

1-1  7-75 

53,0 

868,  3 

0.071 

0.0  85 

12. 

5-06-75 

88.0 

976  .9 

0.074 

0.181 

13. 

8-13-75 

100.0 

1132. 

0.081 

0,087 

NOTF  - 

-CALCULATED 

VALUES  OF 

DELTA  R HAVE  BEEN 

CORRECTED 

TO  the  zero  temperature 
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4-'Wb  FATI:,i:p  'jrNSCR  EVAIi'A^ICM  PRnCkA'l 
'^I'Ll  >CA1  ► TFST  AND  FIFID  AIRCRAFT  IN  S T R U M T A T I UN 

FINAL  REPORT 
TABLE  A-26 

IPFRA’-IONAL  A’RCRAFT  fatigue  sensor  data 

A-37  /JIN;  station  5S,lfc  F WD  LCWFR  SPAR 

A/C  tail  no.  initial  hours  INST,  DATE  TEMP  REF. 

70-10,39  5C6.8  1-10-73  o0.5 

dASE  LOCATION  IS  9ARKSEALE  MULT  = 0.5  GAGE  FACT03  =9.a0 

calculated  values  of  delta  R 


READ 

DA  ^r- 

TF'^P 

HOURS 

LH 

R H 

C . 

1-12-73 

f 2 .5 

0.0 

-0 . A9A 

-0.002 

1. 

2-03-  73 

6 6.  C 

33,8 

-0.002 

-0.002 

- • 

2-25-73 

68  .0 

7A.  3 

0.003 

0.007 

i , 

3-10- 73 

71  ,C 

98,3 

Olo 

0,  002 

A . 

1 

0 

1 

6 7 . C 

12  3.2 

0.007 

0.007 

5, 

A-28-72 

8 5 . Cl 

157,2 

0.011 

0,0  11 

6. 

5-21-73 

91.1 

2 2 8 . A 

0 , 03A 

0.022 

7. 

0-2  7-  73 

9A.  1 

3A7.  A 

0.  JAl 

0,0  33 

8 . 

1- 10- 7a 

A 5.0 

A36.2 

O.OAO 

0.037 

9. 

A-  I C-  7A 

67,1 

5A2,  7 

0 ,0A3 

0, 0A2 

10. 

8-2  7-  7A 

ICO  .0 

716.  A 

0.055 

0.0  58 

U. 

1-17-75 

53. C 

n 1.6 

0,062 

0,  0 6A 

12. 

05-06-  75 

90. C 

10A8.0 

C.0o7 

0.0 

13. 

8-  1 8-  75 

100. U 

1 13A. A 

0,  068 

0.  0 

NOTE —CALCULATED  VALUES  OF  DELTA  R HAVE  cJEEN  COKKECTEJ 
Tj  Tup  ZERO  TFMPFRATIIPF 


t 
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A-3TR  fATnuE  SENSOR  EVAL'JA’-IQN  PROGRA'^ 

PULL  pCAlE  ■^FST  and  PIELD  AlkfRAET  I NS  TKG  MEN  T A f I QN 

PINAL  REPORT 
TABLE  A- 2 7 

JPPRATIONAL  AlkCRAF’'  FATIGUE  SpNSDP  'DATA 
A-37  ^JING  STATIOE!  S5.Le  FWD  L OwE  R SPAR 


A /C 

■"AIL  NO, 

INI'^IAL  HOUR 

S INST.  DATP  TPMP 

REF  . 

70-1290 

A35.  1 

1- 

12-73  5j 

'.  1 

BASE 

LOCATION  IS 

barkscale 

MULT  = 

2.5  GAGE  ‘^ACTOR 

= 9.  82 

CALCULATED  VALUES  OP 

READ 

DA  TE 

TEMP 

HOURS 

L H 

R H 

0 . 

1-12-73 

53.1 

0 .0 

-0.A69  - 

0.365 

1. 

2-  03-  73 

7C.0 

30.9 

-0,305  - 

0,  339 

2. 

2-17-73 

-tl  .C 

53.2 

-O.OCl  - 

O.C  10 

3. 

3- 10- 73 

75. C 

77,3 

-O.OGl  - 

0,0  06 

A . 

A-07-  73 

62  .C 

101.9 

0 .CO 3 

0.007 

5. 

A-  2 8-  73 

BA.O 

123.  A 

* • * 0 J ^ 

O.C  32 

6 . 

6-21-73 

89.2 

205.  A 

C .C2A 

0.018 

7. 

9-2  7-73 

92. A 

336.  3 

0.  CaI 

0,0  33 

8. 

1-10-  7A 

A5  .C 

399.9 

0 . Oav 

0.0A9 

9, 

A- 10- 7A 

7W.C 

A8A.9 

0.C5C 

0. 0 A6 

10. 

B7  .fa 

670.  1 

0 . Ofao 

o 

o 

• 

o 

1 1 . 

1-1  7-75 

56. C 

827.8 

0, 082 

0,062 

12. 

5-  06-75 

78. C 

‘'o3.5 

0 . 08  J 

O.Ot? 

13. 

e- 1 8-  75 

lOO.C 

I0B6.5 

0.087 

0,067 

note  — C AlCUL  ATFO  VALUES  OF  f.'ELTA  R HAVE 

T')  the  zero  temperaturp 


BEEN  CORRECTED 
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FfiTIjUE  SENSfR  EVAUtATlt\  PROGRAM 
' ULL  test  and  field  AIRCRAFT  I N S T kU  M -NT  A^  I JN 

FINAL  REPORT 
TARI.F.  A-28 

■Pf  rational  AIRCRAFT  FATIGUE  SENSOR  DA'^A 
A-3T  (KING  STmTION  55.16  EWD  LDv^ER  SPAR 


A/C 

T A I 

' NO. 

initial  hourf 

INST, 

DA^F  -^E 

3P  REF  . 

70-12/1 

398.2 

1-12 

-73 

57.1 

BASE 

LO 

cation  is 

earksdale 

MJLT  = 2.5  oAgE  factor  ==9.82 

CALCULATED  VALUES  UF 

READ 

OA  TE 

temp 

HOURS 

LH 

RH 

0. 

1-12-73 

57.1 

0.0 

-0.835 

-0.358 

1 . 

1-12-  73 

46. C 

1.0 

0,029 

C.003 

2. 

2-03-  73 

63  .C 

7.5 

0.004 

0.035 

3. 

2-17-73 

43. C 

25.5 

-0.043 

0.029 

A. 

3-10-73 

74.0 

48.7 

0.0 

0.037 

5. 

4-C7-  73 

69. C 

78.8 

0.0 

0.041 

6. 

4-26-7  3 

91. C 

104.4 

0.0 

0.0  14 

6-21-73 

83.2 

171.9 

0.0 

0.0  16 

8. 

9-2  7-  73 

81.0 

233.1 

0.0 

0.022 

o. 

1-10-  74 

45. C 

325.8 

0.0 

0.031 

note  — CAlCUL ATED  VALUES  OF  LELTA  R HAVE  SEEN  CORRECTFO 
TO  THE  ZFFU  TEMPERATURE 
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^-2,7?,  FATIOUF  SFNSI  K EVALUAriCN  PROGR-V^ 

FULL  SCAL'^  TEST  AND  FIF!0  AIRCRAFT  I NS  T K J M -T4 1 AT  I oM 

F I NA  L RF  PQR’ 

TABLE  A-2R 

OPERATIONAL  AIRCRAFT  FATIGUE  S‘=NSOR  DA’-A 
A-37  NING  station  55, It  F WD  LOWER  SPAR 

A/C  tail  no.  INITIAl  HOURS  INST.  UaT r TE^p  k5F. 

71-0860  AO, 9 1-12-73 

BASE  LOCA^'IDN  IS  BARKSDALE  MUl  T = 2.5  GAGE  FACTOR  =9,82 

CALCULATED  VALUES  3F  DELTA 


READ 

DATE 

TEMP 

HOURS 

L H 

PH 

0. 

1-12-73 

68,9 

0.0 

-0.382 

-0.124 

1. 

2-03-  73 

7 l.C 

24.2 

O.Dll 

-0.005 

2. 

2-  1 7- 73 

50. C 

38.9 

0.002 

-0.015 

3. 

3-10-  73 

79.0 

66.6 

0.002 

-0.012 

9. 

^-C7-73 

73. C 

100.1 

0.015 

0.005 

5. 

4-30-  73 

82.0 

118.1 

0.015 

-0.009 

6 . 

6-21-73 

89.6 

2 16.8 

0.022 

0.010 

7. 

9-2  7-  73 

104.0 

305.  1 

0.042 

0.028 

8. 

1-10-74 

45.0 

392.  1 

0.048 

0.030 

9. 

8-27- 74 

123.0 

691. 7 

0.0 

0.054 

10. 

1-  1 7- 75 

51.0 

362.4 

0.0 

0.063 

11. 

5-06-  75 

78.0 

1C08.  7 

0.0 

0.0  66 

12. 

8-  1.  8-  75 

100. C 

1126.5 

0.0 

0.068 

NO"'"  — CALCULATEO  VALUES  OF  DELTA  R HAVF  BEEN  CORRECTED 

Tu  the  zero  temperature 

IH  SENSOR  WIRING  D 1 SCONNECTp D -PE RM ANENT LY  DAMAGED 
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These  sensors  were  bonded  with  EC  2216  which  was  not  mixed  properly;  poor  cure  and  low 
bond  strength.  Data  is  not  plotted. 
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low  bond  strength.  Data  is  not  plotted. 
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FIELD  AIRCRAFT  DATA  SUMMARY  (Cont'd. 
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Load  condition  indetenninate,  no  data  collected 


FIELD  AIRCRAFT  DATA  SUMMARY  TABLE  A-34 

LANDING  GEAR  SENSOR  DATA 
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FIELD  AIRCRAFT  DATA  SUMMARY  TABLE  A-35 


A-)7B  FATIGUE  SENSOR  EVALLATICN  PROGRAM 
FULL  SCALE  TEST  AND  FIELD  AIRCRAFT  INSTRUMENTATION 

F I NAL  REPORT 

TABLE  A-36 

opfrational  aircraft  fatigue  sfnsor  data 

A-37  PANJT  FITTING  - WL  A1.78 


A/C 

TAIL  NO. 

initial  hours 

INST.  DATE 

TEMP  REF. 

7 3- 

1 C58 

A,  5 

1-19-74 

70.0 

BASE  LOCATION  IS  GRISSCM  MULT  = 3.0  GAGE  FACTOR  =9.82 

CALCULATED  VALUES  OF  DELTA  R 


READ 

DATE 

temp 

HOURS 

LH 

RH 

0. 

11-19-74 

70.0 

0.0 

0.229 

0.140 

1. 

12-16-74 

60. C 

2.0 

0.087 

0.033 

2. 

1-27-75 

2 8.C 

24.8 

0.082 

0.033 

3. 

8-13-75 

75.0 

187.3 

0.147 

0.0  75 

NOTF--CALCULATCD  VALUES  OF  DELTA  R HAVE  BEEN  CORRECTED 
TO  THE  ZERO  TEMPERATURE 
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A-37B  FATIGUE  SEN’iOR  EVALUATICN  PRCGRAM 
FULl  SCALE  TEST  AND  FIELD  AIRCRAFT  INSTRUMENTATION 

FINAL  REPORT 
TABLF.  A-37 

OPERATIONAL  AIRCRAFT  FATIGUE  SENSOR  DATA 
A-37  FWO  BANJO  FITTING  - 41.78 


A/C  TAIL  NO. 
73-1C59 


INITIAL  HOURS 

INST.  DATE 

TEMP  REF 

9.  5 

1-07-75 

76.3 

BASE  LOCATION  IS  GRISSCM  MULT  = 3.0  GAGE  FACTOR  =9.82 

CALCULATED  VALUES  OF  DELTA  R 


READ 

DATE 

TEMP 

HOURS 

LH 

RH 

0. 

1-C6-75 

68.0 

0.0 

C.054 

0.295 

1. 

1-27-75 

28.0 

?.  1 

0.024 

0.031 

2 . 

5-12-75 

62.0 

102.7 

0.013 

-0.020 

3. 

8-13-75 

75.0 

168.8 

0.076 

0.095 

NOTE- 

-CALCULATED  VALUES  OF  DELTA 
TO  THE  ZERO  TEMPERATURE 

R HAVE 

BEEN  CORRECTED 
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A-37B  FATIGUE  SENSOR  EVALUATION  PROGRAM 
FULL  SCALE  TEST  AND  FIELD  AIRCRAFT  INSTRUMENTATION 

FINAL  REPORT 

TABU-  A- 18 

OPERATIONAL  AIRCRAFT  FATIGUE  SENSOR  DATA 
A-37  FWO  BANJO  FITTING  - WL  <»1.78 

A/C  tail  no.  INITIAL  HOURS  INST.  DATE  TEMP  REF. 

73-1060  S,  6 1-06-75  68.0 

BASE  LOCATION  IS  GRISSCM  MULT  = 3.0  GAGE  FACTOR  =9.82 

CALCULATED  VALUES  OF  DELTA  R 


READ 

DATE 

TEMP 

HOURS 

LH 

RH 

0. 

1-C^-  75 

68. C 

0.0 

0.092 

0.0 

1. 

1-C9-75 

76.0 

1.9 

0.068 

0.0 

2. 

1-27-75 

28.0 

15.5 

0.070 

0.0 

3 . 

.5-12-75 

62.0 

129.7 

0.116 

0.0 

4. 

8-13-75 

75.0 

207.3 

0.140 

0.0 

NOTE  — 

CALCULATED  VALUES  OF  DELTA 
TO  THE  ZERO  TEMPERATURE 

R HAVE  BEEN 

CORRECTED 
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A-37B  FATIGUE  SENSOR  EVALUATICN  PROGRAM 
FULL  SCALE  TEST  AND  FIELD  AIRCRAFT  INSTRUMENTATION 

FINAL  REPORT 
TABLE  A- 3 9 

OPERATIONAL  AIRCRAFT  FATIGUE  SENSOR  DATA 
A-37  FWD  BANJO  FITTING  - WL  41.78 

A/C  TAIL  NO.  INITIAL  HOURS  INST.  DATE  TEMP  REF. 

73-1061  5.0  1-13-75  72.0 

BASE  location  IS  GRISSOM  MULT  = 3.0  GAGE  FACTOR  =9.82 

CALCULATED  VALUES  OF  DELTA  R 


READ 

DATE 

TEMP 

HOURS 

LH 

RH 

0. 

1-13-75 

72.0 

0.0 

0.094 

0.042 

1 . 

1-27-75 

00 

• 

o 

3.3 

0.040 

0.044 

2. 

5-12-75 

62.0 

113.5 

-0. 006 

0.016 

3. 

8-13-75 

75.0 

194.0 

0.077 

0.079 

NOTE 

— CALCULATED  VALUES  OF  DELTA 
TO  THE  ZERO  TEMPERATURE 

P HAVE  BEEN 

CORRECTED 

1 
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A-3^B  FATIGUE  SENSOR  EVALUATION  PROGRAM 
PULL  SCALE  TEST  AND  FIELD  AIRCRAFT  INSTRUMENTATION 

FINAL  REPORT 
TABI.K  A-40 

OPERATIONAL  AIRCRAFT  FATIGUE  SENSOR  DATA 
A-37  FWD  BANJO  FITTING  - WL  41.78 

A/C  TAIL  NO.  INITIAL  HOURS  INST.  DATE  TEMP  REF, 

73-1C63  5.6  1-14-75  80.0 

BASE  LOCATION  IS  GRISSCM  MULT  = 3.0  GAGE  FACTOR  =9.82 

CALCULATED  VALUES  OF  DELTA  R 


READ 

DATE 

TEMP 

HOURS 

LH 

RH 

0. 

1-14-75 

80.0 

0.0 

0.272 

0.132 

1. 

5-12-75 

62  .0 

123.0 

0.065 

0,077 

2. 

8-13-75 

75  .0 

192.9 

0.119 

0.151 

NOTE  — CALCULATED  VALUES  OF  DELTA  R HAVE  BEEN  CORRECTED 
TO  THE  ZERO  TEMPERATURE 


P»> 
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X-MP,  FATIGUF  SFNSCR  EVALUATICN  PPOGRAM 
FULL  scale  test  AND  FIELD  AIRCRAFT  INSTRUMENTATION 

FINAL  REPORT 

TABLE  A-41 

operational  aircraft  fatigue  sensor  data 

A-37  FWD  BANJO  FITTING  - WL  ^1.78 

A/C  tail  no.  initial  hours  INST,  DATE  TPMP  REF, 

73-1065  e.5  2-4-75  73.0 

BASE  LOCATION  IS  VOUNGSTCWN  MULT  = 2.5  GAGE  FACTOR  =9.82 

CALCULATED  VALUES  OF  DELTA  R 


READ 

DATE 

TEMP 

HOURS 

LH 

RH 

0. 

04-11-7  5 

73. C 

0.0 

0.650  - 

0.213 

1. 

5-13-75 

55.0 

48.1 

0.049  - 

0.076 

2. 

8-13-75 

75. C 

120.7 

0.086  - 

0.120 

NOTE 

— CALCULATED 

VALUES  OF 

DELTA  R HAVE 

BEEN  CORRECTED 

TO  THE  ZERO  TEMPERATURE 
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APPENDIX  B 

MEASURED  STRAIN  SPECTRUMS  FOR 

fat igue  test  and  field  aircraft 
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TARLE  B-1  - STRESa  EXCEEDAIiCES  AT  W.S.  55.16 


Mcdsured  alternating  stress  exceedances  at  W.S.  S5.1S  FSLC  for  full-scale 
test  and  field  aircraft  (per  I'^OO  flight  hours) 

Note:  This  c/cle  count  based  on  "NLR"  ranne-pair  technioue  using  sequential 

strain  history  data 


Alternating 

Preliminary  ^ 

Final  Ful 

1 2 £aFE  ^ 

’1AN0 

8AFB  ■ 

Stress 

Range 

Full  Scale  Test 

Scale  I'es 

,t  Field 

A/C 

Field 

A/C 

Field 

A/C 

0 

500 

27279 

61193 

27333 

32387 

34004 

500 

- 1000 

26746 

59594 

22418 

27400 

26765 

1000 

- 1500 

26014 

53699 

14894 

18966 

13410 

1500 

- 2000 

25/71 

45450 

9796 

12178 

5826 

2000 

- 2500 

11275 

37761 

6491 

7586 

3047 

2500 

- 3000 

5894 

16121 

4341 

4867 

1775 

3000 

- 3500 

5298 

10245 

2976 

3060 

1223 

3b00 

- 4000 

3324 

5322 

2048 

1997 

918 

4000 

- 4500 

2059 

5068 

1482 

1395 

719 

4500 

- 5000 

1748 

2102 

1143 

1046 

544 

5000 

- 5500 

1183 

1932 

862 

842 

420 

5500 

- 6000 

898 

1627 

643 

691 

308 

bOOO 

- 6500 

861 

1437 

500 

612 

242 

6500 

- 7000 

721 

859 

384 

517 

144 

7000 

- 7500 

715 

653 

272 

415 

98 

7500 

- 8000 

711 

593 

210 

280 

66 

8000 

- 8500 

705 

544 

148 

188 

29 

3500 

- 9000 

688 

495 

108 

122 

23 

9000 

- 9500 

315 

483 

54 

02 

12 

9500 

- 10000 

214 

285 

27 

46 

6 

10000 

- 10500 

211 

182 

18 

13 

6 

10500 

- 11000 

171 

20 

4 

3 

0 

11000 

- 11500 

14 

6 

4 

0 

0 

11500 

- 12000 

13 

2 

4 

0 

0 

12000 

- 12500 

3 

0 

4 

0 

0 

12500 

- 13000 

8 

0 

0 

0 

0 

13000 

- 13500 

6 

0 

0 

0 

0 

13500 

- 14000 

6 

0 

0 

0 

0 

14000 

- 14500 

3 

0 

0 

0 

0 

14500 

- 15000 

3 

0 

0 

0 

0 

15000 

- 15500 

3 

0 

0 

0 

0 

1 

One  layer  of  this  spectrum  includes  674 

flights  and  800 

simulated 

f li qht 

hours.  Cycles  counted 

per  layer 

were  multiplied 

by  1.250 

to 

obtain  cycles '1000  hours. 


3 

4 

5 


One  layer  of  this  spectrum  includes  500  flights  and  505.3  simulated 
flight  hours.  Cycles  counted  per  layer  were  multiplied  by  1.979  to 
obtain  cycles/1000  hours. 


Measured  data  based 
multiplied  by  4.460 


188  flights  (224.2 
obtain  cycles/1000 


on 

to 


hours) ; 
hours. 


cycles  counted  were 


Measured  data  based  on 
multiplied  by  3.292  to 


224  flights  (303.8  hours); 
obtain  cycles/1000  hours. 


cycles  counted  were 


Measured  data  based 
multipl ied  by  2.877 


on  233  flights  (347.6  hours); 
to  obtain  cycles/1000  hours. 


cycles  counted  were 
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TABLE  B-2 

STRAIN  SPECTRUM  AT  W.S.  55.16 


Medsured  dUernating  Strain  spectrun  at  W.S.  55.16  FSLC  for  full-stale 
test  and  field  aircraft  (per  1000  flight  hours) 


1 ternating 
train  (..t.) 

Prel  ininary 
Full  Scale  Test 

Final  Full 
Scale  Test 

EAFB 

Field 

A/C 

tIANG 

Field 

A/C 

BAFB 

Field 

A/C 

23. b 

533 

1599 

4915 

4987 

7239 

71. d 

732 

895 

7524 

8434 

13355 

119.0 

243 

13249 

5098 

6788 

7504 

166.7 

14496 

7689 

3305 

4592 

2779 

2M.3 

5381 

21640 

2150 

2719 

1272 

261.9 

596 

5876 

1365 

1807 

552 

309.5 

1974 

4923 

928 

1063 

305 

357.1 

1265 

254 

566 

602 

199 

404.  S 

311 

2966 

339 

349 

175 

452.4 

565 

170 

281 

204 

124 

500.0 

235 

305 

219 

151 

112 

547.6 

37 

190 

143 

79 

66 

595.2 

140 

578 

116 

95 

93 

642.9 

6 

206 

112 

102 

46 

690.5 

4 

55 

62 

135 

32 

738.1 

6 

54 

62 

92 

37 

785.7 

17 

49 

40 

66 

6 

833.3 

373 

12 

54 

40 

11 

881.0 

101 

198 

27 

36 

6 

928.6 

3 

103 

9 

33 

0 

976.2 

40 

162 

14 

10 

6 

1023.8 

157 

14 

0 

3 

0 

1071.4 

1 

4 

0 

0 

0 

1119.0 

5 

2 

0 

0 

0 

1166.7 

0 

0 

4 

0 

0 

1214.3 

2 

0 

0 

0 

0 

1261.9 

0 

0 

0 

0 

0 

1309.5 

J 

0 

0 

0 

0 

1357.1 

0 

0 

0 

0 

0 

1404.8 

0 

0 

0 

0 

0 

1452.4 

3 

0 

0 

0 

0 
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CURVL  (Uk  ;Ml-MAU  fAIIOUt  TL5TS 

A PRE.  IMl’iAPr  TEST  ;COMl.AT) 

O FiHA.  TlS"  (TkA;ri!E-.) 


Odtd  plotted  t rodi  TAiil.K  B~1 


MLASURLO  ALILRNAIINL.  STRESS  E/CELDANCC 
UIRVL  FUR  FIELD  AIRCRAFT 

o full-scale  test 
A ENGLAND  AFB 
□ MARYLAND  ANG 
[>  BARKSDALE  AFli 


Figure  B-2 

Stress  Exceedances,  Field  Aircraft 


ri.fi;k!;n'ci;s 


1.  "A-3715  I'aLigui'  Sensor  Uat.i  Analysis  Met  lunio  I o^’.y  I’ro;' rain"  , .'u  ronaii  t i ca  1 
Systems  IJivision  Technical  Kepori  ASH- l'K-7'>- 4^,  October  197b. 

2.  "lati^ue  Sensor  Kvaluation,  Final  I'.itimie  I’rogram",  Cessna  Report 
il8F-69l8-2nK,  2 June  1972. 

3.  "I’rograni  for  Evaluation  ot  Annealeil  I'o  i 1 Fatigue  Sensors",  Cessna  Report 
318E-7219-029,  30  June  1972. 

4.  "Fatigue  Sensor  Evalutition  i’rogram  - Laboratory  Test  Report", 
Aeronautical  Systems  Division  Technical  Report  ASl)-TR-7b-33,  October 
1975. 

5.  "Final  Full-Scale  I7ing  and  Carry-Thru  Fatigue  Test",  Cessna  Report 
J18E-7016-165,  20  August  1973. 

b.  "FM  Series  Multiplier  and  M Bond  M-lb  Cement  Application  Instruction", 
Micro-Measurement  Instruction  Bulletin  B-142,  2 February  1972. 

7.  "T-J7B  Fuselage-Empennage  Scratcli  Cage  and  Fatigue  Sensor  Study", 

Cessna  Report  318B-7 31 9-030 , 29  March  1974. 

8.  "Fatigue  Damage  Rates  of  Individual  Mission  Type-Store  Load 
Configuration",  Cessna  Report  318E-7419-028,  13  January  1975. 

9.  "Landing  Gear  Cyclic  Test  Results",  Cessna  Report  j18E-7 1 1 b-018 , 1 
April  1973. 

10.  "Fatigue  Sensor  Evaluation  Program  Interim  Full-Scale  Fatigue  Test  and 
Field  Aircraft  Instrumentation  Report",  Cessna  Report  318E-7419-039, 

31  October  1974. 


* 


111 


• 4* 


